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Preface 


Erosion Ls the greatest destroyer of our soil, although it need 
not be. For many years erosion nullified the beneficial effects 
that had been the result of our improved knowledge of farm- 
ing and kept our national acre yields from increasing. Until re- 
cently the damage from erosion had offset the total gains made 
by the adoption of advanced soil and crop management prac- 
tices, of improved crop varieties, of the increased use of ferti- 
lizer and lime, and of better methods for controlling insect pests 
and plant diseases. In fact, all these improvements were needed 
just to keep our national acre yields from declining. Soil: Use 
and Improvement explains how wind and water erode the soil, 
how these damages can be prevented, how our soil can be 
cropped to full capacity, and how crop yields can be increased 
—all at the same time. 

Sod: Use and Improvement is divided into three parts. Part 
I, historical in nature, presents a brief survey of the effects of 
soil erosion on ancient civihzations, as v'cU as on early settle- 
ments in this country. Part II is concerned with the fundamental 
factors that should be considered w'hen dealing with the prob- 
lems of soil erosion. It explains the erosion of soil by wind and 
water, the formation and maintenance of soil crumbs (soil 
tilth), the importance of plant cover in building and holding the 
soil, and the intricate relationship existing between soil, plants, 
and animals. Part III studies the remedial measures for control- 
ling erosion and for improving our soil w'hile, at the same time, 
cropping it to the fullest extent. It discusses control measures 
for erosion both by wind and water, maintenance of good soil 
tilth, and the most effective management of our grazing and 
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woodland. Part III also presents all the elements needed in 
planning a sound soil and water conservation program and ex- 
plains how to use them in developing such a plan. 

The author trusts that Soil: Use ml Improvement will be of 
value to farmers, gardeners, agricultural students, and others 
who arc in one way or another intimately connected with the 
soil. 

J. H. Stalungs 
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HISTORICAL ASPECTS 
OF SOIL CONSERVATION 
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Man’s Struggle 
with Soil Erosion 


Mav’s struggle with soil erosion* is as old as agriculture itself. 
Records of his efforts to adjust huiiself to the land arc written on 
landscapes around the world. Ruined land and starving people show 
us he failed to care properly for nature's great natural resource— 
“the topsoil.” If we wish to avoid these mistakes we must study the 
records and know the causes for his failure. Our standard of living 
depends on food, which comes from the soil. To date erosion is 
ahead in the struggle—'* e must find ou*’ why. 

Nowhere is there anything to indicate he knew the nature of the 
forces w ith which he was dcahr 7. Some knew that when the grasses 
and trees were removed wind ind water destroyed the land. They 
thought the plants slowed the flow of water and kept gullies from 
forming. Some thought plant roots prevented erosion by binding 
the soil so that wind and water could nor carry it away. Man learned 
early that erosion became almost uncuntmllable as soon as plant 
cover was n moved by cultivatioi or overgrarmg. 

Early dvilirations let nature’s forces destroy their lands. They 
oveigrazed their grasslands and cut the trees from the hills. More 
land was planted to cultivate crops; timber was needed to build 
cities; food is needed for growing populations: man was no longer 
a nomad. Science and art were l^ng developed, and he was be- 

^ The removal of soil by the action of wind and water. 

3 
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coming educated. But he didn’t understand natural laws governing 
wind and water— laws that would have helped him understand the 
balance of nature’s forces. 

Let us see how man’s lack of knowledge of nature’s laws de- 
stroyed the topsoil and caused the downfall of vast empires. We 
shall now study the history of these early civilizations and learn 
why many of the countries, where agriculture had its beginning, are 
wastelands today. 

SOIL EROSION IN THE OLD WORLD 

Insofar as can be determined, Gvilization arose in the Near East. 
The cultures that developed moved eastward to China, westward 
through Europe, and across the Atlantic Ocean to the Americas. 
Some of these civilizations were superior in many respects to some 
of our modem cultures. Why did they disappear^ 

Ullage of the soil had its beginning at least 7,000 years ago. It 
developed in two great centers* in Mesopotamia, along the valleys 
of the Tigris and Euphrates rivers, and in the Nile River valley. 
these alluvial (flood) plains, in arid or dry climates, tillef^ of the soil 
began to grow crops by irrigation. For the first time, it was possible 
for some of the people to do things other than to produce food. 
Those who tilled the land could now produce in quantities greater 
than their own needs. This gave nse to what we call civilization. 

Mesopotamia is thought to be the place of the Garden of Eden, 
the Tower of Babel, and the confusion of tongues. Its glories and 
tragedies are widely known. It was a land of dense populations and 
great cities, but all that remains today arc scattered villages and 
rains of great cities. 

We need to know why this occurred. Some may say it was be- 
cause this nation grew up and Uved under the threat of raids and 
invasions by the tnbes from the grasslands and deserts. Records 
show it was due to filling of their irngation canals with sand from 
cutover and oveigrazed land. 

Mesopotamia destroyed the plant cover on land drainii^ into the 
Tigris and Euphrates rivers and failed to compensate for it. To 
build the cities, trees were cut off the hills; to furnish meat, milk, and 
wool for large numbers of people living in cities required large herds 
and flocks. Thus the grasslands surrounding the cities were over- 
grazed and the protecting cover was destroyed. 
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With this plant cover gtme, vrind and water loosened the soil to 
wash into the rivers and streams. Irrigation waters were made muddy 
by soil washed from hills— cutover woodland and overgrazed rollmg 
hills. Thissediment caused the fall of the empire. 

The velocity of the water slowed down upon entering the irriga- 
tion canals and deposited alt, which filled them. Much time and 
labor were required to remove the silt to keep the canals open, so 
that life-giving waters could be supplied to farm lands and cities rm 
the plain. As populations grew, canals were extended until they 
formed a great system. As the canals grew, so did the task of keeping 
them clear of sediment 

Repeated conflicts— both revolts within and onslaughts by in- 
vaders— interrupted the taric of maintaining the canals. Finally, the 
combined task of restoring the canals and repelling the invaders be- 
came too great, so without irrigation water, agriculture failed. With- 
out agriculture to provide food and fiber, the villages and cities 
failed, too, and a great empire disappeared. Without water there 
could be no food; without food, fiber, and water, people in great 
cities could not survive. 

Kish was the first capital after the Great Flood swept over Meso- 
potamia m prehistonc times. It was built above brown soil deporits, 
laid doAvn by the flood, which mark a break in periods of culture. 
Ruins of these periods have been examined and recorded, giving us 
a fairly accurate record of the part played by erosion in the destruc- 
tion of this land. 

The history of Mesopotamia is the story of a nation destroyed 
by accelerated or man-made cr<*sion. We shall now compare this 
with the second center of civilization where there was only natural 
erosion. 

This other great cradle of modem civilization is in the valley of 
the Nile. Here the mysterious Sphinx ponders the problem of the 
ages. It looks out over the narrow green valley of the Nile cutting 
across a brown, sunbaked desert. Here, as in Mesopotamia, farmers 
grew surplus food. This released their fellows for other work. 

From this beginning arose the civilization of the Nile Vall^. 
Muddy waters wetted the lands along the Nile, but they were flo^ 
waters from 'he river. These waters contuned only silt and day or 
the smallest soil particles. The sediment was rich in plant food. The 
silt-laden river waters spread over the plain depositing thin hyers 
of silt, raising the plain higher and higher and enriching die land. 



Figure 1-L Excavated ruins of Kish, the first capital of Mesopotamia 
following the Great Flood, These ruins were completely covered with 
shifting sands and silt deposits, (Soil Conservation Service Photo) 


We now have two areas for comparison. In Mesopotamia the soil 
cover was removed, and man-made erosion destroyed a great civili- 
zation. Let us remember Mesopotamia as a land of mountains, rolling 
hills, and valleys. In the Nile Valley we have a low plain with only 
natural erosion. Natural erosion did not destroy the good topsoil on 
the cultivated land. The silt was brought to the plain by rivers. 

Let us follow the route of Moses to find what happened there. 
Let us see if the same destructive forces, that operated in Mesopo- 
tamia, eroded the land there. This route led from the fertile flood- 
irrigated Nile Valley into mountainous lands, where forests and 
fields were watered by rain. When the slopes were cleared for 
cultivation, or overgrazed, water eroded the soil and carved gullies. 
Today most of these slopes arc barren wastelands. 

Sinai, where the Israelites wandered with their herds for forty 
years, is a picture of desolation. The soil has been eroded into enor- 
mous gullies. 

Because Ezion Gerl>er, Solomon’s seaport on the Gulf of Aqaba, 
had copper smelters 2,800 years ago, it was the ancient Pittsburgh of 
the Red Sea. This port is now being dug from under several feet 
of erosion deposits. 
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Petra, the capital of Nabatean civilization, flourished at the same 
time as the Golden Age of China-from 200 b c to a.d. 200. It is m 
rum. 

The Jordan River is now a muddy stream Soils from more than 
half the upland area of the Promised Land have been washed off the 
slopes to bedrock 

I rosion has also taken a hcav> toll in the denuded highlands of 
Judea Records of abandonment of \illagt sues in ^^'adc Alusrara 
during the past 1/00 ) eais show decline ot the land. 

Tht rate of abandonment is related to the altitude and the prog- 
ress of erosion In rhe plain, four villages were abandoned, in the 
foothills, si\tv-fi\ c, and in the mountains, 1 24 These hills arc dotted 
with onl\ a few of then former Mlligts- plaexs where terraces had 
been I ept in repair for more than 2,000 \ ears 

Jerash, a villij^ of LOOO, was once a eenttr of some 2^0,000 
people Ihe count r\ iliout it is n<iw sparsely settled with semi 
noinids In Biblie il nines, this itgion w is f uiious for its oaks, w lieat 
fielils, ind well nourished herds Ihis irei supplied gian to Rome 
nd supporterl thming tommunine> When diseoieied, the rums 
of this onte pow ertul eitv ol (in < k ind Roman eidture were buried 
to i depth of 14 feet bv soil w islitd horn the hills 


Ftffwt U2 1 Ik soil on fh slope s at ihi u ft'ua^ 'uashed off to bedrock 
fhi slopes on the in^ht sttll ntuni (nou^f soil to produce hcfht-yteldin% 
bivhy aops \ ifu. nun lunsaU/n (Soil Conservation Scniee Photo) 
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Soil in this area eroded in spite of rock-wallcd terraces. The 
ruined terraces are proof of man’s fight against erosion even at this 
e.u:ly date. Ancient fanners tried to save soil from washing after 
there was no longer any soil to save. In North Syria— in the limestone 
country between f lama, Aleppo, and Antioch— an area of over a 
million acres has lost from three to six feet of soil by erosion. A hun- 
dred cities and villages have been abandoned as a result. 

The Phoenicians were the first tillers of the soil who came to grips 
with water erosion on sloping land. Some 5,000 years ago, Phoenician 
tribes swept out of the desert and occupied the eastern shore of the 
Mediterranean. In time, they cleared the slopes to cultivate the land 
near the harbor towns of Tyre and Sidon. Severe erosion followed 
as a result of hard rains. Ruins of this area show how the Phoenician 
farmers tried to save their land by constructing walls across the 
slopes. However, the walls failed, topsoil slipped downhill, and ero- 
sion again destroyed a civilization. 

The record of the once fertile soil of the Roman Empire in North 
Africa is no less disheartening. Over a large portion of this area, the 


Figure 1-5. The reinaim of what once was a populous city in Syria dur-^ 
tng Roman timis, A few of the stone buddings in the middle distance 
are still inhabited: but most of them aie in rmtu This ancient city was 
never covered by erosion debus ^ but the topsoil was washed away and 
only a few bundled whabitaiiti lemaiv where there were once thou- 
sands. (Soil Conservation Service Photo) 





Figure 1-4, The magnificence and former glory of Rome. The city of 
Tinigad, North Africa^ is in deserted ruins ^ surrounded by a desolate 
coimtryside. (Soil Conservation Service Photo) 


soil washed off to bedrock; the hills are carved by deep gullies. At 
Djemila, an ancient city was uncovered. Except for about three 
feet of a single column, this city was completely covered by silt and 
sand washed from the surrounding hills. Under this soil material, 
diggers uncovered great t nipies, two great forums, splendid Chris- 
tian churches, and huge warehouses for wheat and olive oil. The 
surrounding slopes, now barren ar d gullied, had once been covered 
with olive groves. 

South of Guicul is I'hamugadi— now called Timgad—another 
Roman city founded by Trajan in the first century a.d. It was laid 
out in symmetrical pattern and adorned with magnificent buildings. 
It had a forum decorated by statuary and carved porticos; a public 
library; a theater to scat some 2,500 people; and seventeen baths with 
marble flush-toilets. After invading nomads completed the destruc- 
tion of the city and the dispersal of its population in the seventh 
century, this center of culture was lost to knowledge for 1,200 
years. It was bu-ied by the dust of wind erosion. Only a portion of 
Hadrian’s arch and three columns remained, like tombstones, above 
the sand to indicate a great city was once here. Water erosion cut 
a gu(ly down into the land and exposed a canal that supplied water 
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to the city of Timgad from a spring three miles away. Ruins of large 
olive presses were dug up, although today there is not an olive tree 
to be seen in any direction. 

Indications of what happened to the fertile soils of North Africa 
are found on the hillsides between Constantine and Timgad. Bota- 
nists tell us that these hills were once covered with savannah vegeta- 
tion of scattered trees and grasses. Plants conserved a layer of soil 
on these hills for unknown ages, but with the coming of a grazing 
culture, brought in by invading nomads of Arabia, erosion set in. 
Accelerated runoff cut gullies into the upper edge of the topsoil. 
The soil moved downhill like a great rug being pulled off the hills, 
and was dumped lower down. 

We have just reviewed some ancient history: history not of wars 
and war-like destruction but of the destruction of the topsoil— the 
food-producing, the life-giving soil of some ancient lands. Let us 
remember this lesson well. In all but one country we find the cause 
and results the same. The ancient tillers of the soil failed because 
they removed the natural cover. Man lacked knowledge so did not 
sec the real cause of erosion. 

Not until the trees, grasses, and litter were gone from the slopes 
did man try to check erosion. Erosion was destroying the land, 
bringing thirst and starvation to his people. This record in man’s 
history tells a tragic story. It is a record of his failure to care for the 
greatest natural resource— the topsoil— God has given him. This 
ancient history points our a lesson: Man’s greed to build great em- 
pires led him to ignore nature’s laws governing soil and water. This 
oversight could have but one re.sult— destruction of his soil. Civiliza- 
tions vanished, buried under the silt, dust, and rubble of the soil 
eroded from their hills. 

EARLY AMERICAN EXPERIENCE 

Next, we shall study about the early agriculture in America. We 
shall compare ancient agriculture with problems faced by early 
American pioneers as they concern soil erosion. 

As soon as early settlers of this country cleared away the forests 
and plant cover for cultivation they ran head on into soil erosion. 
As long as land was plentiful, a farmer could clear new land as fast 
as the “old” “wore out.” Eventually, there was no new land to clear. 
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and it was necessary for fanners to live with the land they had. 

This brought soil erosion problems into the open. The settlers 
became frightened, as well they might. They did not know how 
water eroded their soil. They recommended measures, similar to 
those that failed ancient farmers, aimed at controlling surface runoff. 
They recommended measures to control something they didn’t un- 
derstand. Some even concluded that soil just wore out and plants 
failed to grow. 

S(Hne farm leaders recommended deep plowing, contour tillage, 
hillside ditches, and terracing. Utese were aimed at controlling sur- 
face runoff and were practiced by some farmers. Broadbase terraces 
with a slope for drainage and grassed outlets were used on a Virginia 
farm in 1838. 

Sorsby of Hinds County, Mississippi, wrote a prize essay on 
“Horizontal Plowing and Hillside Ditching” in 1857. He cited work 
of this type done on the plantation of his father-in-law. Sorsby knew 
that the up-and-down-hill method of culture, then in general use, 
was destroying the land. 

Despite the teachings and work of men like Sorsby and his fol- 
lowers, there were some w'ho realized thc.se practices were not 
enough. Some u ere afraid of them. This view was stated by Massey 
of North Carolina in 1907 He found terraces and ridges worse than 
no treatment dunng hard rains. During floods, water overtopped 
ridges and terraces and broke them, which resulted in more erosion 
than as if they hadn’t been there. Several fanners reported similar 
views, and some were bitterly disappointed uith deep plowing on 
slopes of 10 to 1 5 per cent. 

These fears were set forth in the leading agricultural literature 
of the day. The Agriculture Volmne^ Report of U.S. Commis- 
sioner of Patents, 1852, shows their uneasiness. 

This report show's that soils of the South were destroyed by the 
system of agriculture used on the • itations. This destruction was 
the work of intelligent men— w-orthy citizens and true lovers of the 
country. The plantation owners and landlords of the South were 
honorable, highminded men and were always ready to sacrifice self- 
interest for public good, if these men were here today and could see 
the destruction of their soil and their states, they would be the first 
to brand themselves as “land killers." 
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SEARCH FOR NEW METHODS 

Some lost faith in the prevailing methods of managing cultivated 
land, so they started in search of new and better methods. Some 
observed that the rate of erosion was reduced by using crop rotation, 
or by decreasing the length of time wil was exposed to rains. 

In 1 876, Pendleton of Georgia found cultivation of rtdling land 
difficult. Water washed off topsoil and cut gullies, especially where 
com and cotton were grown. He noticed crop rotations protected 
soil better than continuous cropping, allowmg soil to stand up 
against the forces of erosion. He knew land deteriorated when 
planted to cultivated crops; improved when abandoned and allowed 
to grow up to weeds. The weeds and grass protected the soil and 
preserved organic matter, but cultivated crops didn't. 

In 1906, Spillman recommended the use of terraces as a substitute 
for shallow plowing. He also noticed land eroded badly when 
planted to cotton, but that it didn’t when planted to grass, or when 
kept in clover or other cover cro()s. 

An important discovery was made about twelve years ago. We 
found that erosion by water started w'hen falling raindrops struck 
bare ground. They blast soil particles loose. Before this discovery, 
we thought surface runoff alone eroded our soil, that is, that shallow 
sheets of water flowing over the ground tore the soil loose. I'his 
revelation showed us surface flow was only one factor— a junior 
partner in eroding our soil. 

At the same time, w'e found that plant cover- so abundant nearly 
everywhere— is the countermeasure to raindrop splash. We found 
that plant cover protects soil from beating raindrops as w ell as from 
wdnd. 

Discovery of the raindrop’s part in the erosion process explained 
man’s failure to save his soil. We hadn’t suspected that the raindrop 
did any more than supply w'ater to make the runoff. 

DEVELOPMENT OF 

U.S. DEPARTMENT OF AGRICULTURE PROGRAM 

By the turn of the century, the U.S. Department of Agriculture 
began to develop a soil erosion program for the nation. Like all such 
previous programs, it was based on surface runoff. Farmers' Bulletin 
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20, 18SH, discussed eroded soils and how to reclaim them. The U.S. 
Department of Agriculture Year Book of 1903 discussed the relation 
of soil porosity and granulation to the washing of soils. It advised 
use of deeper plowing and terraces to prevent it, but no clearly 
defined national policy of soil erosion control was outlined until 
1907. 


RESEARCH ON SOIL 

In 1877, Wollny of Germany found that plant cover protected 
soil from the impact of raindrops. He noticed that the loose, granular 
structure of unprotected soils broke down, and became hard and 
compacted during raias. At the same time, the porosity or open 
space was decreased, which resulted from muddy water seeping 
into the large pores. Fine soil prticles filled the pores. He concluded 
that pLint cover protected soil from the impact oi falling raindro}iS' 
It caught raindrops and kept them from pounding the soil. 

W'ollny also found that as the slope became steejjer erosion in- 
creased more rapidly than runoff. He pnned grass cover reduced 
both runoff and erosion. He thought that plant roots bound the 
soil and the tops reduced the rate of runoff. He found that grass was 
more cffectisc in the second year because it made better cover 
than in the first 

Th«* Soil Conservation Service got results similar to AVollny’s. 
Lowdcmulk of Califomi. iiul Hendrickson of Georgia showed that 
pore space in the upper inch of soil choked with clay and silt when 
muddy water wa;. poured on it. ’veal of New Jersey and Free of 
New York proved thar the impact of raindiops destroyed the open 
structure of the top inch of soil This formed a dense, nearly im- 
pers lous surface th.it reduced infiltration. 

IMPORTANCE OF PLANT COVER 
IN EROSION • ONTROL 

U’c knew for nianj years soil protected with plant cover doesn’t 
erode. We thought plant roots bound the soil and the tops slowed 
surface runoff. We didn’t know that plant cove- protected the soil 
by catching rait rops. 

Soil Conservation Service workers found straw' used as mulch 
controlled erosion. This was true whether the straw was laid on the 
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ground or supfwrred slightly above. When straw supported sli^tly 
above ground protected soil, they knew surface flow didn’t erode 
the soil; something else did. They noticed litter under trees checked 
erosion, too. These workers found that plant cover kept soil open 
at the surface, so it could absorb rainwater rapidly. They also dis- 
covered that runoff and erosion increased when plant cover was 
removed. 

Other Soil Conservation Service workers saw that soil detach- 
ment-tearing soil particles loose -and erosion went hand-in-hand. 
They found plant cover effective in reducing splash erosion. Those 
workers noticed that damage to topsoil increased as the height of 
plants increased and decreased as the ground became more com- 
pletely covered. The better the soil was covered the less the soil loss. 
Oat straw mulch was more effective per unit weight than sweet 
clover mulch, because oar straw was compact and covered the 
ground well. Sweet clover was open and didn’t cover as well. 

Soil Conservation Service workers in New York found straw 
mulch reduced splash loss 98 per cent. It reduced loss from running 
water by 66% per cent. Tliey used soil in pans supported above the 
ground, and exposed to rain, ^il, in pans not mulched, formed crusts 
that reduced the rate in which soil absorbed water. 

Another Soil Conservation Service worker found a connection 
between the force applied by raindrops and the amount of water 
erosion. The amount of force applied by raindrojis was determined 
by sire of drops, speeds at which they fell, and how much it rained. 
These same factors determined how much soil was lost. 

W'ith an artificial rain maker, water drops were applied to soil in 
trays. The drop si/.e ranged from one to five millimeters in di- 
ameter. Seventy per cent less water was absorbed by soil sprayed 
with five-millimeter dro})s than with one-millimeter drops. Erosion 
losses were 1,200 per cent greater with the five- than with the one- 
millimeter drops. 


SHIFTING EMPHASIS 

The soil erosion movement is now passing into a new stage. The 
main emphasis in the past was on surface runoff, because it was be- 
lieved that that alone caused soil erosion. Discovery that raindrop 
splash is the main factor in water erosion shifts this emphasis. It 
marks the end of one era and us'fiers in another. For the first time. 
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we know how to control soil erosion. Since the raindrop’s part in 
soil erosion escaped man’s detection during the first 7,000 years of 
civilization, it explains why there is so little or no erosion on land 
with ample plant cover. Indeed, it explains many things that puzzled 
agricultural leaders and fanners throughout this long and trouble- 
some period. 

We have known for a long time that plant cover was the best 
way to control wind erosion; now wc know it is the best way to 
control water erosion. Better still, we know how plant cover con- 
trols both wind and water erosion and how to put this knowledge 
to work. 

The Babylonian, Phoenician, and other ancient cultures didn’t 
know about raindrop splash, or that they sowed seeds of their own 
destruction when they destroyed the trees and grass. They didn’t 
know plant cover was needed to catch falling raindrops. Had they 
been aware of this, their history may have been far different, be- 
cause there wouldn’t be the extensive areas of eroded and abandoned 
land there are in the world today. 

Egyptian civilization started in the Nile Valley about the same 
time Babylonian civilization started in the valleys of the Tigris and 
F.uphrates. There as no man-made ension in Egypt, but there was 
in Babylon. The Egyptians arc with us today; the Babylonians dis- 
appeared lung ago. At least ten other civilizations that followed 
the Babylonians on the same land also disappeared. 

The discovery that f. 'Ung raindrops beating on bare soil is the 
mam cause of soil erosion by water has opened up a new field. For 
the first time, wc know why ba-e cultivated fields erode severely 
during hard rains. We also know why portions of tl e same or ad- 
joining fields with good cover experience little or no damage during 
the same rain. 

Foliage, leaves and litter, and dead plant parts intercept or catch 
falling raindrops. They break the force of the drops and ease them 
to the ground as clear water. Tli, Mindrop does not make direct 
contact with the ground surface, so is robbed of its eneigy. The 
soil surface isn’t disturbed, and the clear water enters the ground 
freely. Failure of the ancient farmers of the Near East to make this 
discovery set Hvilization back several thou.sand years. This same 
discovery, had .i been made earlier, and applied sooner, would have 
saved much of the best soil in America. 

Now that we have discovered die real cause of erosion, let us 



man*s struggle with soil erosion 

profit by the lessons taught by the past. Let us use this knowlcd^ 
to preserve and improve the soil of our farms so that America will 
be strong, well fed, and her people prosperous and happy. 

Exercisfs 

1. Select a site covered with plant growth or a bare spot, preferably 
on a slight slope. If the site is covered with plants, take a hoe and scrape 
away the plants from a portion of it. Now play water from a garden 
hose on both the sodded and bare plots to simulate rainfall of medium to 
heavy intensity. If the entire site is bare, place a 1 -inch-deep layer of 
straw, leaves, or other trash on a portion of it and leave the rest bare. 
Play water on the site as described above. On one plot there ^ill be lit- 
tle or no erosion. On the other erosion will be severe. Explain this 
phenomenon. How does it relate to man's struggle with erosion? 

2. Select a bare spot on cither a slight or steep slope. On a portion 
build a ridge to simulate a terrace. Place a 1 -inch-deep layer of straw or 
other trash over the other portion. If it is not convenient to use a garden 
hose, as described above, wait for a rain of mcdiuin-to-hcavy intensity. 
Which treatment is the more clTcctise in controlling erosion? How is 
this related to erosion problems on the farm? 

3. Select a spot covered uith sod or crop residues or other trash, pref- 
erably on a slope. Take a spade and turn the plant cover on one portion 
under. Either play water on each plot, as described in No. 1 above, or 
wait for a rain of mcdiiiin-to-heavy intensity. Which portion of the site 
was damaged by erosion^ Does this prove anything about the effective- 
ness of plowing as an erosion control measure? 


Ql 1 SI IONS 

1. What knowledge did the farmers of ancient lands lack that would 
have enabled them to u in their fight against erosion^ 

2. How did the type of agriculture practiced by the fanners of the 
early civilizations cause their lands to erode? 

3. How long ago and in what country did tillage of the soil begin? Lo- 
cate this counm^ on the map and describe what the people and the 
country were like at this time. 

4. Why did the irrigation system fail in Mesopotamia? 

5. Why did agriculture in the Nile Valley prosper while in Mesopo- 
tamia it failed? Locate this valley on the map and describe the area. 

6. Trace the route followed by Moses on the map. How did the to- 
pography of this region cause erosion to be more destructive than in 
the Nile Valley? 

7. What W 2 S the land of the Israelites like at the time of Moses? What 
is it like today? What caused such severe erosion in this area? 
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8. Who were the first farmers to make any attempt to save their land 
by use of soil conservation methods? How do we know they did 
this? 

9. What was the real cause of the destruction of Babylon? 

10. Locate Timgad. Describe what it was like at the time of the Ro- 
mans. What type of erosion destroyed this great civilization? 

11. What is meant by savannah vegetation? Soil detachment^ Surface 
runoff? 

12. What lessons can be learned from this ancient histoiy of agricul- 
ture? 

13. What errors did the early soil conservationists of America make? 
What caused suiiic of the southern planters to doubt the wisdom of 
using some of the soil-conserving practices advocated at this time? 

14. What discovery was made that changed our whole idea of how best 
to control uater erosion? 

15. Give several gocid reasons why soil erosion is a national problem. 

16. What discoveries were made by Wollny of Germany and the Soil 
Conservation Service research men of America that aided in find- 
ing the real cause of vv ater rrosic/n? 
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Soil Erosion 
in the United States 


In 1934, a quick check as made of soil erosion in rhe United States. 
The results suqirised us all— even those who knew most about soil 
erosion. Erosion was more serious than any of us thought. More 
than half of our land was damaged, some of it was abandoned. 

This check showed that 282 million acres of land was seriously 
eroded. This land once grew crops like cotton and corn, but it was 
so badly damaged we couldn't grow' crops on it any more. AVe had 
abandoned some of it as worthless. Another 775 million acres were 
badly damaged. They were in cultivation but in need of icpair, and 
of protection from further damage to keep them from being de- 
stroyed or abandoned. 

In 1948, the Soil Coaservation Service made a study of erosion in 
four states— Arkansas, laiuisiana, Oklahoma, and Texas. This study 
showed over 14 million acres of land was seriously damaged, with 
much of it abandoned. We could no longer grow crops on it. 
Another 2^9 million acres w'ere damaged in varying degrees. 

This study show'ed damage to the land, but not the abandoned 
homes, and hopes that went with them. It didn’t show increased 
flood damage caused by the darned land or filled and abandoned 
reservoirs that had furnished water and |.K)wer. It didn’t show a 
number of other damages caused by erosion on this land. 

We can see how this affects our ability to feed ourselves. Our 
land is being destroyed, abandoned for no further use. At the same 

i« 
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Figure 2~I. Sotl eroaon condittoru m the United States, shown by 
vey made m 1934. (Soil Conservation Service Photo) 
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rime our population is increasing at the rate of 2.8 millions a year. 
We can see our food need growing; our ability to produce it is 
going down. 

That’s what happened to Mesopotamia, the Romans, the Phoeni- 
cians, and others. The signs are plain enough for all of us to see. 
We all have an interest here, as well as a responsibility. It is for you 
and me to do our part to swing this thing around. 

For the first time in history we know how to control soil erosion, 
and even how to grow cultivated crops and build our soil up at the 
same time in order that it will produce more for increasing popula- 
tion. We know how to reclaim some of the abandoned land— we all 
have to work to make it possible. 

MAN RESPONSIBLE FOR EROSION 

W’e have made extensive studies in this country to determine what 
caases erosion and we found that some erosion occurs under natural 
conditions, without our aid. This we call natural erosion (of little 
importance to us, though). Natural erosion occurs in areas undis- 
turbed by man, such as those burned over by lightning or overgra/ed 
by wild animals. Stream and river banks erode under some conditions 
without our aid. 

Soil material removed by natural erosion often is made up of or- 
ganic matter and silt and clay particles. This material is rich in plant 
food, is light, and floats in running water where it is carried long 
distances by rivers. It is deposited by flcKxlwaters on broad, flat 
plains along river beds. Flood uaters almost .stop floviing when they 
spread over flat plains, and such particles carried in the vi ater settle 
out. This may make flood plain s</il rich. 

We have made a number of studies to sec how much of our ero- 
sion is natural and how much is man-made. We found little evidence 
of the former. Nearly all of our erosion is man-made, because every- 
where our forefathers settled this kind followed. F.verywhere our 
early settlers cultivated or overgrazed the land, erosion set in. Erosion 
increased on our farms and in our streams and rivers, too, and was a 
problem wherever plant cover was destroyed. 

We have made many erosion measurements throughout the 
country that show the rate is related to use and condition of the 
land. Our findings varied from location to locariouilMNHiuinic to 
time, but they consistently showed that crosifi^CtoBMA^^^ we 
used the land. “ 
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Man-made erosion produces large amounts of sand, silt, and 
gravel. These are carried from fields to stream systems and are 
dumped at lower levels. This sediment harms the drainage, reduces 
fertility on sloping fields and on bottomlands, and fills stream chan- 
nels and reservoirs. This damages water supply, irrigation, drainage, 
navigation, and flood control works. Sediment dumped on roads and 
highways increases repair costs, and that dumped in irrigation < anals 
increases cost of crop production. 

Erosion damages all our soil, by removing plant food and making 
soil poorer. Erosion damages our forests, grasslands, and cultivated 
land.s. The greatest damage is in our croplands, because they have 
less plant cover than the woodlands and grasslands and less protec- 
tion against water and wind. 

The widespread erosion sediment is the most important problem 
we have in our streams. It increa.ses cost of operating canals and res- 
ervoirs, a/fects our health and damages ten classes of public and pri- 
vate enterprises and the general w'elfare: (1) public health, (2) 
water supply, (1) fisheries, (4) valley agriculture, (5) dramage, (6) 
irrigation, (7) flood contrt»l, (8) river commerce, (9) recreation, 
and ( 10) electricity production. 

Enision sediment often fills our streams, thereby stopping water 
that flows off the land. This stops natural drainage, and water 
spreads over cultivated land to create swamps in the fields and pas- 
tures. Channels filled with silt do not move water freely, so water 
not moving through cha ncls piles up and spieads over surrounding 
lowlands. Pools of water, standing after each i/v'erflow, make good 
places for nnisquito breeding. H« 'c, silt produced by erosion turns 
productive land into amp. ThL condition exists on much of our 
bottomlands. 


L(>S$E.S ON CROPLANU 

Soil erosion losses are important locally on our forests and range 
areas, but losses on our land used f< r cultivated crop production af- 
fect us all. They are of national importance. i'Tosion is damaging 
most of our 450 million acres of cultivated land. 

Losses on forest and range lands affect a few people; those on cul- 
tivated land sff ct us all. Because these damages reduce our food 
supply, we ha\e less to cat, and it costs us mure to produce the same 
amount of food. 

The tragedy of this is we can’t recover these losses— they are gone 
forever. Our land is worth that much less for raising our food. We use 
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more fertilizer, better crop varieties, and more power to produce an 
equal amount of food. Our costs go up; our food production goes 
down. 

Thirty-five million acres of our cultivated land can’t grow food 
fur as any longer. We have abandoned it as worthless. We have put 
another 100 million acres of cultivated land in trees and grass, be- 
cause it was damaged so it was too costly for us to cultivate. We are 
“wearing out” a half-million acres more each year. 

We think our soil losses by erosion are four billion tons a year. 
From one-fourth to one-third of this chokes our stream channels 
and fills our lakes. Choked stream channek cause floods, because the 
water, unable to drain off fast enough during hard rains, spreads out 
over bottomlands. Silt and clay arc floated into our lakes, causing 
the flow of water to stop or slow when it enters our lakes. The silt 
and clay spreads out, giving us less storage space and less water for 
use. 


WIND EROSION LOSSES, 

Our study showed over 100 million acres arc damaged by wind 
erosion, and we think that 10 inillum of these are hadly damaged. 
Farmers have abandoned much of this land. 

We found wind, like water, removed plant food first, because our 
organic matter and silt and clay go first. Ttiis ])ortion of our soil 
holds food for our plants. The light-weight material is blown away, 
and heavy sand is left in our fields after dust storms. Sand won’t 
grow good crops. 

Most of our wind erosion damage is in arid or dry regions but is the 
worst in the “dust bowl.” The dust bowl covers parts of Colorado, 
Kansas, New Mexico, Oklahoma, and Texas. In areas where we have 
lots of rain, wind damages our soils some, although the damaged 
areas are small. 


DAMAGES ON GRAZING LAND 

Our study showed wind .md water damages large areas of our 
grazing land. Destruction of our soil reduces the amount and quality 
of grass we can grow. Poor cover giving less protection to the soil 
increases runoff and erorion damages on our grazing land. As runoff 
increases, the amount of water entering the ground decreases and 
less water enters or infiltrates the soil. 
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Low infiltration reduces the amount of water to grow our grass, 
which means less feed for our stock and less meat and milk for us. 
Increase in erosion means more sediment for our streams and ponds, 
more water for floods, less water for our grass, and less feed and 
water for our stock. 

Erosion on our grazing land Is due to drought->not enough rain— 
and overgrazing. Drought and overgrazing reduce plant cover and 
expose our soil to the action of water and wind. 

We have droughts three years out of ten over large areas of our 
rangelands. Droughts liurt or kill grass on our ranges, so in order to 
save our grass, fewer st(x:k should be grazed during droughts. 

FU)OD DAMAGE 

Heavy runoff from our fields cause floods with the most damage 
l)eing done to the cultivated land. Flood damages arc increased 
through erosion wastes. 

Floods arc very destructive to our fanii land every year- the dam- 
age is caused by both flood water and sediment. Flood waters cut 
gullies in our fields, erode our hill lands and dump large amounts 




Figure 2-^. Furnish 
Reservoir on the Uma- 
tilla RiveTy about five 
miles upstream from 
Nolin, Oregon, Res- 
ervoir was put into 
use in 1909. By 1925 
it was so filled with 
erosion silt that it was 
no longer useful. (Soil 
Conservation Service 
Photo) 


of soil material on our bottomlands and in our rivers and ponds. 
I'hcir activities result in such other misfortunes as lowered crop 
yields on our uplands and l)otromlands. 

EROSION KILLS FISH 

Early settlers of this country found our rivers and lakes filled with 
fish, the water clear, lots of food and nesting places for fish and little 
or no silt. Now one finds muddy water in all our streams and lakes 
in cultivated areas. Our streams carry only fish (like catfish) that 
live in muddy water. Muddy water won't grow food for dear-water 
fish, so they are unable to exist in such surroundings. (It destroyed 
their nesting places, too.) 

Clear- water fish feed on small animals, which feed on small plants 
growing in the water. These plants need sunlight to grow, but silt 
makes the water muddy enough to shut out sunlight. The light can t 
get through to the plants, so the plants die. For lack of food the fish 
die, too. 

It is easy to see how muddy water controls fish life. You can do it 
next time you go on a camping trip, or to a large uncultivated area. 
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Water in the streams will be clear and will contain lots of dear- 
water fish, but no catfish. You can see small plants down in the water, 
because they are green. But you can’t see green plants in muddy 
streams— they aren’t there. 

By filling our reservoirs with mud, silt that kills fish in our streams 
affects our city water supply, too. I'his sediment hurts us in two 
ways. Loss of soil from our fields reduces the amount of food we 
can raise, and soil dumped in our reservoirs reduces the amount of 
water we can store. Erosion of our soils causes both damages. 

We examined thirty reservoirs to see where the silt came from and 
found that most of it was blasted from our fields by falling raindrops. 
A small amount came from gully banks and channels. Sediment is 
filling our reservoirs and reducing the amount of water they can 
store. I'he amount wc have to use is reduced. 

Exkrcisks 

1. Select a field with a fairly long slope. Examine the depth of the 
topsoil (dark-colored layer) at three locations: near the top, about mid- 
way, and near the bottom, l^sc a spade. Now, compare the height and 
vigor of the plants growling at each of the ihrW locations. Plant 
growth probably is poorest at the top. It probably is best at the bottom. 
See what relation there is between depth of topsoil and plant grow th. 

2. Find a dear-water pond or stream. Look carefully and see what 
you find in the way of green plants under the w ater. Now see what 
you find in the way of plant gniw’th in a muddy-w'aier pond or stream. 
Try to explain the differences j on find. 

3. Find a place in the field where the soil is actively eroding (a gully 
is best). Follow the gully lo its outlet and beyond. Try to find what 
became of the soil that washed out eff the gully. 

OtTATIONS 

1. What is the erosion condition of the land in the United Staces^ 

2. Dties damage to the land tell the whole story about erosioiP Fjiplain. 

3. How' does erosion affect our food supply^ What is happening to 
our population? W^hy docs this make it s(' important that wt con- 
trol soil erosion^ 

4. What is the cause of our soil erosion? What proof do w^e have of 
this? 

5. Name as many ways you can that soil erosion harms us. 

6. How does soil erosion affect land drainage? 

7. Why are .soil losses by erosion so important? 
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8. How does soil erosion increase cost of producing food^ 

9. In what pare of the countiy is soil erosion most serious^ Explain 
why this IS so. 

10. How docs wind damage our soiP Where docs wmd erosion occur? 
Why IS chts^ 

11. What parr of our soil is first to eroded Explain. 

12. What pait of the soil holds our plant food^ 

13. How does erosion affect fish^ Why are there no dear-water fish 
in muddy streams^ 

14. Where does the mud come from that is filling our reservoirs^ How 
does it get to the resci voiis^ 
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How Water Erodes Soil 


r <)U 7,000 years, we thought that only flowing water eroded our 
soil. We believed water running over our fields did the damage. We 
imagined water tore soil particles loose as it ran over the ground; we 
never suspected that water eroded s(»il any other way. It never oc- 
curred to us we might be wrong on how water eroded our soil, be- 
cause we never rook time to see what falling raindrops were doing. 
We kept thinking of surface runoff, so we built terraces or walls 
around our hills. W'e thought these walls would keep water from 
eroding our soil, and that raindrops only supplied water for surface 
runoff. 

\A'hen w’e thought of the raindrop, we thought of its patter on the 
roof. We thought of being lulled u> sleep. thought of its refresh- 
ing grass on the lawn or crops in the field— it is especially so after 
several days of dry weather. We did notice how water splashes when 
raindrops fall on pavement or hard ground, and also the geyser-like 
eruptions caused by raindrops falling on shallow sheets of w'ater. 

You may have tasted sand in vonr spinach and on your straw- 
berries. Then, you may have noticed how’ dirt splashes on the sides 
of the house and on basement window’s, where the ground around 
the house is bare. You probably have seen muddy water in field 
ditches after rains. You may have realized that raindrops splashed 
the sand on the spinach and strawberries, and dirt on the house and 
basement windows. But, did you know that raindrops splashed the 
soil that made the water muddy in the ditches, too? 

19 



Figure i-I. Raindrops striking shallov} •water throw up geyser-like 
eruptions. This splashing and churning of shallow water keeps it 
stirred up. It ghies the power needed to keep soil particles from settling 
out while they are being floated off the field. These are falling on 
shallow sheets of water from a height of IVi feet. Read down from top 
of left-hand column, then from top of the middle and right. This 
chart represents different stages of a single splash. (Naval Research 
Laboratory Photo) 
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For a long time we didn’t know that raindrops made water in the 
field muddy. We thought of their patter on the roof and their re- 
freshing plants after dry spells, and we thought that they brought 
only good tidings. We believed that the water flowing over the sur- 
face of the ground cut the soil loose, and it was this soil that made it 
muddy. We knew flowing water could move soil, so we assumed it 
could tear it loose, too. As a result, we built terraces or walls to keep 
it from eroding our soil. From recent studies we know now we 
should have paid more attention to raindrops and what they are do- 
ing to our soil. We know we should have built roofs of plant cover 
over our fields, because we need them there, as well as walls around 
and across them. 

\\'e knew a lot of our terraced land was destroyed by erosion and 
noticed that terraced land eroded al)out as fast as unterraced. In time, 
some of us began to wonder if terraces diil what we thought they 
should. \\ c even w ondered w hether or not wc actually knew how 
water erodes our soil. As a result, a few' of us decided to take a look 
at raindrops to see if they did anything to our fields. We found they 


Figure h2. The splash caitsdi by rawdrops \allhig ov bare ground 
starts the 'ivater erosion process. This splash 'teas caused by a drop of 
ivater falling on datnp soil front a height of 7 Vi feet. Falling raindrops 
blast holes in the ground like bombs. The flying particles are a mixture 
of mud and uater, (Naval Research Laboratory Photo) 




Figure hJ, Dense, low-growing plants intercept the falling raindrops. 
This relieves the drops of most of their energy before they reach the 
surface of the ground or the surface of flowing water. This, in turn, 
preserves the open, porous nature of the soil and prevetits the surface 
flow from being made turbulent. The water remains clear and is ab- 
sorbed more freely by the soil. (Soil Conservation Service Photo) 


splashed lots of soil when they struck bare ground, f)iit that they 
didn't do so when they fell on fields covered with plants. 

With this information, we became more interested in what the 
raindrop did and looked, to sec where the soil went after it was 
splashed by raindrops. We found the ground covered with a shallow 
sheet of water during hard rains. 'Flic splashed soil fell into this sheet 
of water, and, as the water moved down hill, it took our soil with it. 

This was something new. Wc didn’t know about such action of 
raindro|xs: Wc didn’t know they splashed soil in our fields. Neither 
did we know that falling raindro}>s and shallow sheets of water 
formed a team. We never imagined this was how water actually 
eroded soil and became a part of the erosion process. This made us 
think we might be mistaken about surface flow. 

We wondered if wc didn’t need to catch the falling raindrop by 
building a roof over the field with plants. Maybe a roof was what 
we needed. W e wondered if we needed walls and roofs, too. We 
knew that walls didn’t check falling raindrops, because falling rain- 
drops strike from above. To check them we needed roofs. 

When we discovered that raindrops moved lots of soil, we took 
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another look Wc anted to sec uhat reallj did go on in our fields 
when It rained In taking this look, ue found out other things we 
didn^t know before Previously, we thought water flow ing over the 
surface of the ground w as our mam enemy \ ou can imagine our 
surprise when wt found that the falling raindrop was the chief cul- 
prit and flowing water w ts onlv his assistant 
Wc found that cither flowing water or falling raindrojy» could 
erode soil I ach can erode soil without the aid of the other but we 
found most soil was mo\cd when thev acted as i ttini Raindrops 
blasted soil particles loose, flowing water swept them downhill 
We found raindrops and flowing w iter acting like a pick and- 
sho\el crew loading a truck Raindrops reoresent the pick-and- 


Figure W Both ami fhxum^ swfatc •uaiif an complete 

uosiXL a\!^Liits lu tKomUis In an phase of the itosmi i o t\s thy 
'uotL a^ auaw I Ihi tiaini,.oik onuts befon thi unfaci floni 

convintraHi to form ^tuaim or to flax m ihanml lallintir raindrops 
blasti i tin soil loose on this South ( aiohni field I he blasted mate ml 
fell baik into the shdlox^ pint of uit t on tfu siufad oj the {^tound 
vid uas floated do ^.iihill I he eolitmns of eaitl beneath the stoves 
v/tl the thin a alh of < aith be lie tth the plant toots in ^he left fore expound 
I oxl that the foiee u^hieh to < the soil loose ipplied ftovt (yeet 
heai It x^us applied by fatliinr taindtops aid not fiom th side by 
flouinf^ smface 'uatii Abent fuo inches of soil was remold ftoin this 
field duiini^ oie lain Ixev the sparse plant emet in the backyriound 
uas siiffieiiiit to pie*,ent etiuus etesioh (Soil Conseisation ber\icc 

Photo) 
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shovel crew. Flowing water is the truck. Falling raindrops pick or 
blast soil loose and throw it into flowing water, the truck. Flounng 
water then carries the soil downhill. This is shown in Figure 3-4. 

This discovery made us want to know mure. We wanted to know 
the exact parr raindrops played, and the part played by flowing 
water. \N’e wanted to know how much of the soil carried from our 
fields was blasted l<M)se by raindrops, and how much was tom loose 
by flowing water. 

We made some tests, in both the laboratory and in the field. We 
worked with water drops from artificial rain makers and with nat- 
ural rain. The findings from our many tests and comparisons w'cre 
checked carefully. Again you can imagine our surprise. We found 
flowing water tore loose less than H) per cent of the .soil moved from 
our fields, in most case.s, it w,is less than < (wr cent. In other words, we 
found that aliout 9^ per cent of the soil eroding from our fields is 
splashed up by falling raindrop. 

The thing that pleased us most w.is that we found the answer to 
man's failure to protect his soil. W’ithout knowing what raindrop 
did, it w'asn’r possible r<i sa\ c our soils. We know now w hy our soils 
continued to ertnle .ifter being terraced. Thinking our epf^ni) at- 
tacked from the sides, we budt w'alls when we should have budr 
rcKifs. Our main attack w as from alKive, so we were fulK exposed to 
our attackers and didn’t know its 

Our findings showed us new and better ways to protect our soil, 
and they made our task a lot more interesting tot). W e know now 
what w'e must do to keep our soil from eroding. Our findings also 
show us how' to iniprov e our soil so it w ill grow bigger and better 
crop. 

This infoniiation is impirtant to us all, it is felt that you’ll tie glad 
to know about it, too. But before gomg further wc should under- 
stand we can’t have erosion w’lthout force. Force must be applied to 
the ground to tear our soil particles from the sutface, just as you 
must apply force to knock a brick our of a wall. In water erosion this 
force is applied by falling raindrop and flow'ing surface water, but 
most of it is appUed by f idling rdndrop. 

RAINDROPS DOUBLE LIES 

T ou can sec the raindrop leads a double hf e— one is gentle and re- 
freshing; the other is explosive and destructive. The first is lepre- 
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seated by the gentle patter of raindrops on die roof. They refresh 
our plants after dry spells. The other is represented by the explosive 
and destructive action; this occurs when falling rsundrops strike bare 
ground. 

The amount of force with which a raindrop strikes the ground 
varies, depending on its weight and speed. Large drops containing 
more volume of water than small drops, weigh more. Consequently, 
large drops have more force than small drops traveling at the same 
speed. The total amount of force applied to our ground during rams 
is enonnous. It is several thousand times that applied by runoff 
water; in many cases, it is over one hundred thousand times as great. 

RAINDROP.S ARE BOMB.S 

At this point, we should stop thinking of raindrops as being gentle 
and refreshing and think of them as being cvpiosive and dcstnictive. 
W'e should liken them to l>oml)s, which they really are. In many 
ways falling raindro)>s arc like ImhuIis. I1iey arc enclosed in a skin, 
or shell, which is in the form of a surface film. The surface film is 
tight enough to keep the water in the drop and to keep it from flying 
apart on its way down. The same is true in the case of a boiiib-thc 
shell, or skin, keeps the explosive material in until it explodes. 

You can see how this film works. WTicn you put a few drops of 
w'ater on a piece of waxed piiper, or on a greasy spot, it won’t spread 
or wet the surface. Instead, it pulls itself into small round balls about 
the size of BB shots. The raiiulrop has aUmt this same sha^ie as it falls 
through space, except it is a little flat on the bottom. (Sec Figuit 

M.) 

A raindrop explodes like a bomb svhen it strikes bare ground. (Sec 
Figure 3-2.) W'hen it first hits the ground it makes a dent, as you 
would if you hit the ground with a hammer. The ground soon 
checks its downward movement. Now, the force of the drop shifts 
to the outer edge, exploding the surface film enclosing the w^ater. It 
explodes in the same way you explode a paper bag. 

The force released by explosion of the raindrop spreads outward. 
It spreads until it reaches the walls of the dent it made when it first 
hit the ground. It then turns upward and throws a lot of muddy 
slu^. It acts like any other bomb: When it explodes on the ground, 
it knocks out a hole or crater. When raindrops strike level ground, 
this slush is thrown evenly in all directions to spread over the surface. 




Fiffire J-5. Fertility erosion on a cultivated field in New Jersey, Or- 
ganic matter, silt, and clay were splashed from the sand by raindrops. 
The washed sand, appearing as light-colored deposits between the rows, 
was left in the furrows. This process removed 60 per cetit of all the 
phosphoric acid applied to a level sandy soil in Alabama over a 26-year 
period, (Soil Conservation Service Photo) 


But when raindrops strike the sloping land surfaces, it is a different 
story. Large amounts of the soil arc moved downhill by raindrop 
splash. 

The level land may have little soil loss, but that doesn’t mean the 
soil is not damaged. It is. Large amounts of the plant food are lost, and 
much of the organic matter, silt, and clay is floated away. These are 
the materials that hold the plant food. Some of the muddy water 
may settle in low places. Some of it drains into openings. The New 
Jersey field in Figure 3-5 shows how this works. 

Falling raindrops aid erosion in another way. They keep standing 
water churned up and give it more lifting or moving power. When 
raindrops fall in shallow water they churn it up the same way 
you do when you throw small stones in water. The water jumps up 
and down and becomes choppy. This churning motion gives water 
more lifting power to carry soil panicles. It keeps small soil particles 
afloat and keeps them from settling out. The particles float off the 
field with the water. 

Even good-sized pebbles can be worked downhill this way. Rain- 
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drops bounce them off the ground when they strike shallow water, 
and the flowing water moves them somewhat before they settle. This 
constant bouncing and moving works the pebbles downhill. 

FLOWING SURFACE WATER 

Flowing surface water has tw'o types of power— one is used in 
carrying or moving the soil; the other is used to tear the soil loose 
from the ground. Water dou'ing in shallow sheets has only one type 
of power— moving power. It can pick up loose soil grains lying on 
the surface and carry them downhill, but it can’t tear the soil loose. 
It can only move what is already loose. 

Plowing water acts like you do sonictimc.s. You can pick up a 
small tree and carry it, hut ymi couldn’t pull it up l)ec‘iiise you 
aren’t strong enough. You have enough strength to carrv it but not 
enough to pull it up. Shallow sheets of uater can move loose soil, 
but they can’t tear soil loose. I'hey aren’t strong enough. 

You can demoastratv the c.irrving or moving type of power. 
Smear some mud on your sidewalk or a board. Then attach your 
garden hose to the faucet -ind adjust the nor./le to let water flow' out 
in a weak stream. On its up side place the no77,!c on the pavement a 
few inches away from the mud, so thit the water will flow toward 
the mud. Ix't the water flow’ gently over the nuid for a w’hile. See? 
The w'atcr w on’r cut the mud brnse because it d<K.’s not have entnigh 
power. It will pick up ItMise grains and carry them away though, 
.since it has moving power bur no cutting pow'cr. 

Now adjust the no7,7.1e to spray dro|ss, using drops about the si/e 
of raindrops. Point the no//lc iipw ard and let the w atcr dro))s fall 
on the mud. See how' quickly the dtops splash the mud loose 

P'low'ing w'ater can’t tear our soil loose until it gets scouring or 
tearing power. It can’t get scouring power until it gets a tumbling 
or swirling motion. It has to stop flowing smoothly and get agitated 
or stirred up. Shallow' sheets of w'ater don’t get stirred up— they 
can’t. 

To get a tumbling or swirling motion, water must pile up and 
form deep sheets. It can’t pile up on level surfaces, but must collect 
in low places such as grooves or trenches. It must get in a ditch or 
channel to form streams. 

Water flowing in streams has scouring power, so it can tear soil 
particles loose from the soil. It has both types of power— tearing 



Figure 3-6. Filming surface 'water produces widely different effects 
from falling raindrops. Flowing water tends to collect in channels- 
firsts in rillSy and thcn^ as these small channels converge., in streams* Sur^ 
face flow cuts channels mid eventually gullies, as in the California field 
shown here, (Soil Conservation Service Photo) 

particles loose and moving them, too—and it does both at the same 
time. 

You noticed we said flowing water didn’t get scouring power un- 
til it formed channels. It becomes channelized, and it can’t tear the 
soil loose until such a process occurs. This also means that flowing 
water erodes the soil only after it gets into channels. It scours soil 
loose from the bottom and sides of channels and ditches, but it can t 
erode flat surfaces in the fields. It doesn’t have scouring power while 
flowing over broad surfaces in shallow sheets. 

Flowing water doesn’t get tumbling motion until it collects in 
channels, and it can’t scour until it gets tumbling motion. It can’t 
scour until it gets in clianncls, so flowing water does its eroding in 
channels and no ocher place. 

Falling raindrops erode our soil on broad surfaces. They also 
erode channel banks, where banks are exposed to them. Erosion oc- 
airs on our soil any where w’e leave it bare— on broad surfaces or in 
channels. Now you can understand why at least 95 per cent of the 
soil eroded from our fields is the work of falling raindrops. You can 
clearly see that our job is to keep falling raindrops from striking our 
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bare soil. It is as simple as that. It is not going to be easy for us to do 
though, but that is our job. We must find a way to do k. 

OTHER DAMAGE FROM RAINDROP SPLASH 

Splash erosion causes three types of damage: (1) puddle erosion, 
(2) fertility erosion, and (3) sheet erosion. 

Puddle erosion. As previously stated, falling raindrops do enor- 
mous damage to our soils. They bear on our bare soil during violent 
storms, shatter clods and soil crumbs, and break down the soil struc- 
ture (crumbs) into a puddled condition. The beating and churning 
action of these drops compacts our soil’s finely broken parts into a 
nearly impervious layer of surface mud. This compacted surface 
layer is made denser and more nearly mi})ervious with muddy rain- 
water. Rainsv ater filters into our soil, and, eventually, the open spaces 
in this surface layer are filled uith this mud. Fhis damage shows as 
crusts on bare fields The surface is gla/ed like the icing on a cake. 

You can demonstrate the puddling process by playing a heavy 
spray from a garden hose on bare ground. You can see puddling 
caking place on the surface. 


Figure 3 7. hi addition to ^pla^htni^ muddy simh mto the atr, fallmg 
raindrops Lompact the mrjace layer of soil. The beating and churning 
action of these drops compacts the sotPs finely broken parts into a 
nearly impervious layer of surface nmd. In this South Carolina field the 
mud is glazed like the ictn^ on a cake. (vSoil Conservation Service 

Photo) 




Figure Organic matter^ silt, and clay were blasted from higher up 
the slope and deposited in low spots and depressions in this Ohio corn- 
field. This 4y2-inch thick layer was laid down by one rain. This is the 
chief source of loss of orgmiic matter from cultivated landp(So\\ Con- 
servation Service Photo) 

Our ground covered with plants is not damaged, because the 
plants catch the raindrops. The drops do not strike the surface, and 
our soil keeps its natural structure. Water that accumulates on the 
surface remains clear. It soaks into the ground with ease. Water from 
raindrojis broken up by plant cover moves slowly down through 
plant cover to the ground and docs not disturb the soil surface. Tbe 
water is clear. It does not fill the open spaces with mud when it soaks 
into the ground. 

Plant cover prevents puddling. Because plant cover catches rain- 
drops, they don't strike bare ground directly. Instead, they are 
broken up by the plant cover, and the broken parts are eased to the 
ground. They do not disturb the soil, so the soil keeps its crumb- 
like nature. It remains in better shape for our crops, which will give 
bigger and bigger yields. 

Puddle erosion decreases infiltration. When our soil becomes 
puddled it can’t absorb water. The surface of the ground is packed, 
and water can’t get in because the soil surface is sealed. Water and 
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air can’t get in to supply plant needs, so our soil loses much of its 
ability to grow crops. 

Fertility erosion. Plant food in our soil is in the organic matter 
and silt and clay. Organic matter is plant parts. Most of it is rotten, 
light, floats easily, and is in the surface soil. It is in the soil first 
splashed by raindrops, and is floated away. Silt and clay are the 
smallest soil particles we have. They are not light as organic matter, 
but they arc very small. They are held up in water, and splashed 
out of our soil with the organic matter. They also float away with 
it, leaving our fields poorer. Subsequently, not as good crops are 
grown from them. 

Plant food is removed from our soil everywhere raindrops strike 
bare ground. It doesn’t make any diflFcrcnce if the surface is level or 
sloping. Some of the organic matter and fertility-bearing elements 
of the soil arc floated away. 

You can demonstrate fertility erosion. Put a spade full of soil in 
a bucket or tub. Run a constant stream of water into the vessel from 
a garden hose. Stir the muddy mixture with a stick. The overflow 
carries out the organic matter and silt and clay. Soon, nothing is 
left in the bottom of the tub but coarse sand. 


Figure Soy beam were planted on this Posey County ^ Indiana^ farm 
in 1938, The silt in the foreground u'as brought down from higher up 
the slope by one heavy ram. (Soil Conservation Service Photo) 
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Sheet erouon. Sheet erosion is actually splash erosioa. Spladiing 
raindrops wear soil down evenly over the surface. They remove 
soil in thin sheets, as you wear down a surface of a board by sand- 
papermg it. Raindrops sandpaper the surface of our fields. 



Figure I-IO. Plant cover, or mulch, prevents puddling of the surface 
layer of toil and maintains a high infiltration rate. The nips on top of 
the jars were filled vcith equal amounts of the same soil. A mulch of 
grass clippings u'os placed on top of one; the other was left hare. Water 
from a garden hose was played on the soil for seven to eight mamtes to 
simulate ram. The bare soil became puddled and little water percolated 
into It. But the mulch preserved the open structure of the surface soil 
and water percolated into it freely. (Soil Conservation Service Photo) 


You can demonstrate the effect of splash erosion. Put a small pile 
of sand out in the open. When it rains, the sand pile will be flattened 
out. Raindrops work about the same way on our hills, by bringing 
down material from the top and dumping it lower down. The force 
of the splashii^ raindrops is applied unfformly. It is the same over 





Figure 3-11. Even though the land u level, as on the lllmots farm m 
this picture, much of the otgamc rnatter and fertility- bearing elements 
ate hst The fertility -hearing elements m the exploded particles of soil 
are floated off the field Some of the muddy water may settle mto 
pockets or dram into opennigs in the soil When the sun comes out, 
the silt face nmd hakes into an almost impervious crust When this 
1 1 list t\ hfoLen, it is so fine it is easily earned away by the wind (Soil 
Conservation Scr\ ice Photo) 

figure ? /2 (tiillus \otmcd in a winter wheat field in Oregon The 
small amount of eoiei provided by the young wheat plants held splash 
erosion to a minmntm ovei most of the field Active erosion really did 
not St ait until the watei concentrated to form channelized flow Be- 
tween the gullies the water mmed in prechannel statues, or shallow 
sheets, and did not e^ode the soil as much (Soil Conservation Service 

Photc#, 
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the area on which the rain falls. It causes the most soil movement at 
the top of our hills, for here the least amount of force is needed to 
blast our soils loose. 



Figure J-/5. The effects of raindrop splash in the erosion process fre- 
quently are most pronounced on the shorty steep slopes near the crest 
of hills, as shown in this picture taken in Michigan, Under such con- 
ditions falling raindrops are most effective in moving soil dowtihill 
without imich assistance frmn flowing surface water, (Soil Conserva- 
tion Service Photo) 


DEPOSITION OF SOIL 

Soil materials deposited by moving water are usually separated by 
particle sizes. Being the heaviest, the large particles are the first to 
be deposited. As the velocity or rate of flow slows, water loses 
some of its carrying capacity. Smaller particles are dropped. Further 
reductions in velocity results in the next-size particles being dumped. 
Organic matter and silt and clay particles are light, so they are the 
last to be dumped. They arc carried the furthest downstream. These 
fine and light materials arc often floated miles downstream and 
frequently dumped in our reservoirs. 
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Fxfrcisfs 

1. Fill a shallow pan or box level full with soil. Scatter a few flat 
stones coins, or discs over the surface. Take a garden hose and play 
water on the soil from hve to ten minutes to simulate rainfall of moder- 
ate intensity Ixplain how the pedestals you And under the flat 
objects were actuall) formed 

2. Smear some mud on the sidewalk or a slightly tilted boaid. Take 
a garden hose and tr^ to remove the mud by letting watei flow ove<- it. 
(Do not direct the full force of the hose stream at the mud as you do 
when \ou are flushing a sidewalk, instead, let the water flow ) Smear 
anothei batch of mud on another part of the sidewalk or another 
slight! V tilted board PIi\ water on this portion of the mud fioiii a 
garden hose to simulate rainfall of moderate intensity. Which method 
re T.oved the mud the quicker^ A^'hy^ 

3. I ill I nib or a bucket w ith water Put a spidefiil, oi two, of sandy 
soil in the vessel Take a garden hose and run water into the vessel just 
fast enough to cause a slight overflow Take a stick and stir the soil 
vigoiouslv foi fioin five to ten minutes Fxaminc the soil remaining in 
the bill ktr Whit chingc bis i iktn phcc' Wb\ ^ 

4. I me two funnels with clean niter paper and place in racks Pour 
i k 11 w atci intf) one ot the funnels and w atr r that has oeen made muddy, 
b\ stilting some clav soil into it, into the other funnel What happens^ 

1 vpl i«n how this action compares with that of puddle erosion 


Qii-siions 

1 fn w hat w i> tiav ewe been mistaken in how w atei eiodes soiP 

2. What evidence hive \oii seen to show raindiops splash soiP What 
docs this tell V ou about raindrops and eiosion^ 

3. How does most of our soil get ofl* he held dunng rains^ 

4. Which IS tlic more important in water erosion, tailing raindiops or 
flowing wateP What is their lelative imponance^ 

5. W h\ does our soil continue to erode aftei being tenaced^ 

6. Whv IS force needed to tear soil loose" How is this force applied^ 
How does the force applied by raindrops compare with that of 
runoff watcr^ 

7. In w hat w a\ s is a raindrop like a bomb^ 

8. Describe what happens when a raindrop strikes the ground 

9. W'hat happens to the splashed soil when hard rains fall on bare 
level ground^ When thev* fall on sloping land^ 

10. How do falhng raindrops give standing water more power^ How 
does this aid m soil erosion^ 

11. How many kinds of power docs flowing water havc^ What kind of 



HOW WATER ERODES SOIL 


46 


power do shallow sheets of water have? What kinds of power does 
water flowing in channels have^ How does flowing water erode soil? 

12. Why can’t shallow sheets of water flowing over broad surfaces 
erode soil? 

13. Where and how do falling raindrops erode soil? 

14. Explain how crusts are formed on cultivated land. Why is it that 
ground covered with plants does not form crusts? 
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How Wind Erodes Soil 


Condi (IONS where wind erodes soils differ from those where water 
operates. W'ind, unlike water, will not erode damp or wet s<^; 
however, wind is like water in one respect: It cannot erode soils that 
have a good plant cover. This cover may be in the form of cultivated 
crops, grass, weeds, mulch, or other types of plant materials. 

W'ind erodes soil more often in areas of light rainfall. Here, the 
surface of the ground is dr>', and is often unprotected from the 
w'lnd. Due to low rainfall, plant grow^th may be light or absent. 
Wind sometimes blows soils in areas of heavy rainfall, but these soils 
are sandy or peaty. They dry our quickly and have little plant cover, 
so wind can move them easily. 

HOW WIND MOVES 

We think of wind moving in one direction— straight ahead. Ac- 
tually, wind moves four ways simultaneously. Wind does have one 
movement that carries it straight ahead, which we call forward 
movement, but the other three movements occur within the forward 
movement. Figure 4-1 show^s the forward movement of wind. 

In one of these movements, wdnd spins around top-like in the 
shape of a funnel. The spinning movement we call eddies. Part of 
the wind moves in sharp blasts or sudden puffs. The puffs are like 
the ones you make when blowii^ out a candle. We this move- 
ment gusts. 

Wind moving in eddies does nor go straight ahead but cuts across 
the path of the forward movement. It moves like you do when you 
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Figure 4-L The first dust storms are the most destructive. It is during 
this period that most of the organic matter^ silt^ and clay particles are 
removed from the field. This Oklahoma dust cloud is called a ^^black 
roller,^' and the photo shows its straight ahead tnovement. It is one 
of the first dust storms for this field. The air is heavily laden with 
organic matter j silt, and clay. (Soil Conservation Service Photo) 


wade across a stream. You cut across the current, the stream’s path. 
Wind moving as gusts may tj^vel with the forward movement or 
across its path. The main thing is that it moves in sharp blasts. 

When these sharp blasts cross the path of eddies a fourth move- 
ment is started. It is a tumbling or swirling movement and acts 
like a group of boys and girls when some of them arc spinning 
around on one foot and the others turning cartwheels. However, 
in the case of wind, it gets all mixed up and looks like it is being 
stirred with giant eggbeaters. 

It keeps the whole body of air in a constant tunnoil. This Ls illus- 
trated in Figure 4-2. 

You can see these types of wind movement on any w^indy day. 
Build a ffliiall fire outdoors. \\ arch how the smoke moves in the direc- 
tion the wind is moving. But no matter which side of the fire you 
stand on smoke gets in your eyes. 'Ihis is because wind moving in 
eddies cuts across the path of the forward movement. It finds you no 
matter where you are. 

Now and then you will be almost blinded by a sudden puff of 
smoke caused by gusts. Sometimes smoke from gusts rolls in a swirl- 
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ing movement, like broken waves. This happens when the sharp 
blasts cut across the path of eddies. Each of these four wind move- 
ments has a part in causing the dust cloud and wind erosion. 

HOW WIND MOVES SOIL 

Eddies, or the spinning movement of the wind, start soil moving. 
Wind moving in eddies travels much faster and has more power than 
the forward movement. It keeps up with the forward movement and 
spins, too. This spinning motion twists sand grains out of the ground. 
The column of air in eddies extends upward. When sand grains are 
twisted loose by the spinning movement, they are lifted straight up. 
Gusts drive eddies at a faster speed, also push l(K)$ened sand grains 
forw'ard, and keep the air in a turmoil. This turmoil keeps dast afloat 
once it is kicked off the ground. 


Figure 4-2. High v;inJs are capable of liflhig and transporting for 
great distances large quantities of the organic matter, silt, and clay 
fractions of the soil-tbe life-giving substances of the soil. This sorting 
process added to the general sandiness and love productivity of this 
Colorado field. (Soil Coaservation Service Photo) 
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Fonvard movement detennines the direction die main body of air 
moves and also governs the direction loosened scnl particles take. 
These four wind movements, acting together, move soil particles in 
three different ways, which are known as saltation, snqiension, and 
surface creep. All three movements are usually occurring at the same 
time. 

Movement of soil by saltation. Most soil carried by wind is 
moved in a series of short bounces that is called “saltation.” Soil 
grains moving in saltation are started by eddies, which lift them 
straight up. When they leave the ground, the forward movement of 
the wind poshes them along at the same dme. The loosened soil par- 
ticles rise until the pull of gravity overcomes the lifting power of the 
wind. Then, they fall to the ground just as you would if you fell 
from a tree, or stepped into space off a ladder. 

The soil particles strike the ground hard. If they don’t sink into 
the ground, they are lifted back into the air, and repeat the move- 
ment. They act like rubber balls, bouncing up and down. Each rime 
they strike the ground, they kick smaller particles into the air. 

&me grains rise only a short distance, and others leap 1 foot or 
higher. The height they rise depends on how hard they were jerked 
off the ground. They are also pushed forward by the forwvd move- 
ment of the wind. When they strike the ground, they either bounce 
up and repeat the movement or strike other grains. The grains they 
strike may be bounced up or pushed forward on the ground. Those 
failing to bounce sink into the ground and become a part of the 
movement in surface creep. 

The height a grain rises is due to two causes: one is the spinning of 
the grain, the other is the force with which it was lifted off the 
ground. More than 7 5 per cent of the bouncing grains spin at a speed 
of 200 to 1,000 revolutions per second. The distance a grain moves 
forward is about four times the height it rises off the ground. Most 
soil grains moving in saltation remain within one foot of the ground. 
A few rise higher. 

Movement of dust in auspensiem. Fine dust particles are kicked 
up by bouncing action of grains in saltation. When bounced off 
the ^und, they are caught up by swirling wind. They are small 
and l^t in weight. The ^ing power of the wind on them remams 
greater than the pull of ^vity, so, they are lifted higher and higher 
and are earned ^ong with the wind. This method of moving soil is 
known as “suspenaon movement.” 
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Dust particles carried in suspension make up a good proponion of 
the total soil earned. The method by which fine dost is hfted from 
the ground differs from saltation. Parades moving in saltation are 
lifted off the ground by eddies. Particles earned in suspension are 
bounced off the ground by the bouncing of grams moving in salta- 
tion. Movement of dust is a result of saltation. Without saltation, 
dust clouds would not form. 

Dust moving in suspension is controlled by wind movement It is 
taken to great heights, often carried long distances, and is lost from 
the field On the other hand, soil moved in saltanon and surface 
creep usually remains within the eroding area. 

Movement of soil in surface creep. Sand grains too heavy to be 
1 fted off the ground by eddies are pushed along the surface. This is 
done b\ blous from bouncing grains, a movement we call “surface 
creep.” Cirains moving in surface creep are driven by blasts from 
other grains To be picked up by eddies, soil grams must stick up 
abov c the ground lev tl slightly They must also be light enough for 
u ind to lift 


Figure Wind 

acted as a fanning mil 
to remove the otganic 
matter, silt, and clay 
from this South Da- 
kota field, leavmg sand 
and gravel, (Sod ^ 'on- 
servation Service 
Photo) 
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Grains smaller than those picked up by eddies are too small to 
stick up abo\c the surface The ss ind can’t get a hold on them—they 
have to be bounced off the ground 

Grains larger than those lifted by eddies do stick up abo\ e the sur- 
face W ind can get a hold on them, but can’t lift them because they 
arc too hca\v They arc pushed and shosed along the surtace by 
blasts from iKuincing grains Once bounced into the Stirling s^ind, 
small dust particles float m the air and drift y\ irh the w ind 

WIND AC rs LIKE \ EiNNING MILL 

\\ ind acts like a finning mill on the soil It sorts our light organic 
matter and ela\ and silt pirtieks, as \our inothei sepirates flour 
from lumps by running it through a sie\ e 1 his light w tight in iterial 
is blou n aw av The he i\ y sind gr iins iie left on the field, as w he it 
is left when the straw iiul hulls iie blown aw i\ b) wind (See Fig- 
ure 4 0 


DUST STORMS lAKl \\\AY FLINT FOOD 

Small silt and eliv pirtieles ser\t is the soil’s pintrv storing 
plant food If these small partieles aie blown aw ay, soil his no place 
to stoic plant food, just is icmoving the pantry frcim )o ir kitchen 


Figure it J hi pattioff oj this Cdoiado pild tn tht ]ou^iotind 'iias 
hltyuii out to a depth of won than futlii ituhcs diuin^ a wz/tf/e dust 
storm I he oi^anu matter and sviall li^htuet^ht ^dt and clay paituks 
u,eu hlo^n a'uay I hi iand and loaisei manuals %lUl blo%i,n into 
drifts and dum s ( Soil Consei \ at ion Sci \ ice PI loto ) 
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leaves no place for your mother to store your food. The big differ- 
ence between the soil s pantry and the one in your kitchen is that 
your mother can get another one-the soil can’t. The soil could no 
longer store food for your crops. 



Figure 4-5. Flant cover is effective in controllmg soil drifting because 
it can trap the soil moving in saltation. The cotton stalks to the right on 
this California field trapped the sand moving in from the field to the 
left. The cotton stalks also preventeii the vcind from picking the sand 
up again. (Soil Conservation Service Photo) 


To make things worse, the plane food already stored in the soil's 
pantry is blown away, too. It seldom happens that all small silt and 
clay particles blow away during a single storm; instead, some goes 
with each storm. As a result, the soil has less and less plant food left 
after each storm, and the soil gets ()oorer and poorer. Eventually, it 
won’t have enough plant food to grow good crops. 

Wind erosion in some respects is like an epidemic disease. It must 
be controlled where it first starts, because it gets worse as it spreads. 
That means we have to stop saltation when it first starts. 
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Most of the soil moved by wind in many fields is sand, bat die 
sand remains in the field. It is merely shifted from one place to an- 
other. The sand can’t hold plant food or won’t grow good crops. 

Some soils are made up mainly of silt and clay particles. In such 
cases, the whole soil body may be blown away during severe dust 
storms. (See F^ure 4-4.) 

ONLY DRY SOILS BLOW 

Only dry soils can be blown by wind— wet or damp soils can’t be 
moved. Neither can wind move soil that is protected with a good 
plant cover. Plants slow down the speed of vdnd at the ground sur- 
face, so that the wind is not strong enough to start soil particles 
bouncing. 

Soils made up mostly of dead plant material (called “peat and 
muck soils’’) blow away easily. The rotted plant material is broken 
into small pieces that are light in weight and blow easily. 

SOME WINDS CANn* MOVE SOIL 

All winds do nor blow soil. Some winds can’t blow soil, even in 
places where dust storms are common. In one way, winds are like 
boys. All boys do not have equal strength. Large boys arc usually 
stronger than small boys, so a large boy can lift more than a small 
boy. 

With the wind, it is the speed of travel that determines its strength, 
its lifting power. Slow winds have less power than fast winds. In or- 
der to lift soil grains, winds must blow a minimum of eight to nine 
miles per hour at 6 inches above the ground. Winds blowing slower 
than this can’t move soil. 

WHY WIND UNLOADS SOIL 

Wind moves soil because it has power enough to do so. It gets this 
power from speed and turbulence. The lowest speed that will start 
soil grains moving has already been mentioned. Wind moving at 
lower speeds can’t move soil, and wind carrying soil dumps it if its 
speed is reduced to or below this speed. It doesn’t have the power to 
keep soil grains moving, neither does it have power to pick them up 
after depositing them. 

Daring dust storms, vrind is conrinually pcking up and putdng 
down sand grains. It has power to pick them up and carry them, but 



Figure 4^. Objects that tcdmt the velocity of sotl4aden umds cause 
them to deposit thei* load The soil deposit id along this Itxas fence 
'uas bloun jiom the mltivatid ptld on the rtgrht Notice the absence 
of uind Liosion damage on the pi Id to the left I he cotton stalks and 
sorghum stubble redrutd tie leloiity of the 'uimt to the point where 
It could not start the saltation nto^tmi t (Soil Conseivation Service 

Photo) 


if Its power IS reduced enough it can r pick up soil grams W hen it 
unloads what it is carrying, the storm is over The wind can’t get 
soil grams moving again 

TTie velocity of the wind is the kev to soil ntovciiient b\ wind 
Keep wind velocity below the danger point it the surface of the 
ground, put obstructions in its path, and slow it ilow n Plant cover is 
\v hat nature uses to keep w ind velocity dow n 

Because of their retentive ability, plints are particularly effective 
in controlling drifting of material musing along the surface in a sc 
ries of short leaps Clumps of plants in are of moderate sand drift 
will collect blown material around them I hey form small mounds 
or dunes, and, as the sand heap grows, the plants, if adapted to 
sandy soil, also grow They e ontinue to accumulate soil until a heap 
several feet high may be formed (See Figure 4-6 ) 

Exercises 

!• Build a fire from small sticks or leaves out in the open on a day 
when the wind is blowing at a moderate velocity. Notice that no 
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matter where you stand around this fire smoke is blown into your 
eyes. Even though the main current of wind is blowing in one general 
direction, the cross currents, caused by gusts and eddies, blow the 
smoke in all directions. It is this turbulence created by gusts and eddies 
that enables wind to erode soil. 

2. Take some dry sandy soil and an electric fan. Turn on the fan. 
Pour the sand out of a bucket so it will fall in front of the fan. See how 
the wind sorts soil grains on basis of size. The light ones will be blown 
as^ay; the heavier ones will fall to the ground. 

Questions 

1. How do conditions favoring wind erosion differ from those favor- 
ing water erosion^ 

2. How has man affected wind erosion^ How did he do this^ 

3. Name the four types of wind movement. Describe each. 

4. How is soil movement started by wind^ Which of the wind move- 
ments starts soil moving? 

5. What part does the forward movement play in soil movement? 
What part do gusts play? 

6. Describe how wind actually moves soil. What is saltation? Suspen- 
sion movement? Surface creep? 

7. What determines whether soil grains move in saltation, sifspension, 
or surface creep? 

8. Why is the loss of organic matter and silt and clay from your field 
important to you? 

9. Why is the saltation movement so important? What meaning docs 
it have in controlling wind erosion? 

10. Why can’t wet or damp soils be blown by wind? 

11- Why can’t all winds move soil? 

12. How docs the sloping of wind velocity affect its load? Why is 
this true? 
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Hii F srrolling in the woods or pasture did you notice how soft 
and springy the earth w as' Did y on notice how ^different the soil 
was there from that in the corn or cotton field' lastead of being soft 
or springy, the soil in the corn or cotton field w as firm and hard. 

If you picked up a handful of soil from the wcvids or pasture, you 
noticed it was lotise and fluffy. It w.is ca.sy to stir and pleasant to feel 
On the other hand, soil from the corn or cotton field was hard and 
firm. It was difficult to stir and w as not plcas.int to feel. 

To see why the wtnids or pasture soil was different from muI in 
the com or cotton field, pick up a handful of soil from the wimmIs or 
pasture and let it spill through your fingers Notice the grainy, 
crumb-like structure, which is made up of little clods. I hose little 
clods make it soft and springy whtn you walk on it, and thc> also 
play an important part tn the crojis y’oii raise. 

Now com}>are the soil from the winids or pasture with mm from 
the corn or cotton field. The soil from the com or cotton 
be firai and hard and won’t have any cru.ub-hke pamcles. \\ ben 


you plow it, the clods arc large and l.•*lIpy. ., 

The difference you feel in these two soils is due mainly to soil 
crumbs or aggregates. These aggregates are the little clods, the jiar- 
ticles that run through your fiiigeis. Woods and ptoture wn s are apt 
to have a good structure, lots of aggregation. Cultivated soils may 

have very little or none at all. • ui t 

Those aggregates or crumlis make the soil more suitable for 

raising your crops and make it easier for water and air to move 
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Figure 5-1, These two handfuls of soil were taken just across the fence 
from each other in Illinois. The one on the right came from an area in 
bluegrass sod. That on the left came from a cornfield. Those “little” 
clods or granules in the sample to the right are aggregates. Lots of 
aggregates mean good tilth. Few or no aggregates mean poor tilth. The 
soil from the cornfield breaks up, into large, hard lumps or clods. (Soil 
Consen'ation Service Photo) 


through the soil. This free movement of water and air aids the 
growth of soil microbes, which are low forms of plant and animal 
life. They feed on dead plant parts, and, in turn, affect both the 
amount and condition of plant food. Soil aggregation makes for a 
grainy, more porous soil— one that drains better, absorbs water 
faster, and has less water runoff. 

SOIL FERTIUTY IS MORE 
THAN PLANT FOOD 

Too often we think of our soil fertility in terms of plant food or 
soil nutrients. Actually, nutrients are only part of the crop-growing 
problem. There are many cases where soils that contain all the plant 
f^ood needed to raise or produce big yields do not produce those big 
yields. They don’t produce them because soil structure has broken 
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down. As a r^lt, crops are not able to make best use of the plant 
food m the soil, even though the needed plant food is plentiful. 

Ctoly when the soil breathes, only when air and water can move 
freely to make the necessary food elements available to plant roots, 
will we get the highest yields that the soil is capable of producing. 

good soil structure 

Virgin— never cultivated— prairie and forest soib probably had 
about the best structure (lots of aggregates) it is possible to have. 
This structure was developed by hundreds of years of continuous 
gr^ and trees. It was a porous, granular structure; one that per- 
mitted free movement of air and water. It absorbed the rains readily, 
and plant food in the soil was freely available to plant roots. 

The movement of air made possible by the granular structure 


Figure 5-2. The soil under the bluegrass sod along the highway is full 
aggregates. It is in good tilth. The handful on the right in Figure 
5-/ came from this blue grass sod area. The com just across the fence is 
on the same type of soil: Flanagan silt loam. At the time it was put into 
cultivation it too had good tilth. But now it has very few aggregates. 
It is in poor tilth as is illustrated by the handful of soil on the left in 
Figure f-/. (Soil Conservation Service Photo) 
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encouraged the growth of soil microbes They flounsjied, aiding 
the decomposition of organic matcnai and helping to add nitrogen 
to the soil It was this granular structure that made our virgin praine 
and forest soils productive True, they >^ere well supplied with 
plant food, that \^as part of it But it also took soil aggregation— a 
structure that made the nutrients ready or available for plant use and 
held the needed moisture— to produce top yields 

It may not be practical to ni iintain this high level of soil structure 
on our farms today I he soil structure that ^as built up by hun- 
dreds of years of grass and trees can be maintained only by con- 
tinued gioviing of grass and trees Wc can i crop our land uithout 
destroying some of this structure On the other hand, wc can’t 
afford to forget the importance of good structure I ven though 
maintain ftrtilitj in the chcmicil sense our soils uon’t stay produc- 
tive if wc allow structure to break down too far 

HOW soil SGGREC.ATFS ARE FORMED 

How can we miintiin structure thit will give us high protection 
along with full use of our hnd" lo do this, we must understand 
how soil aggregates ire foniicd Whit causes these small ^oil par- 
ticles to stick together^ Whit i lungs will present the formation of 


Figuie 5 3 rhn is the 
cornfield shoun m 
hit^re 5-2 Its clods 
are hard and lumpy It 
ts m poor ttlthy hmnng 
few or no ai^gregates 
(Soil Conservation 
Service Photo) 
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soil aggregates— break down soil structure? Finally, we must adjust 
our farming practices to get as much aggregation in our soils as 
possible, along with heavy cropping. 

Soil grains are grouped into aggregates by the action of complex 
sugars. One portion of the sugar arranges the soil particles loosely 
into clusters. Another portion of it is like a gum. It binds these soil 
grains firmly into crumbs or aggregates. The soil grains must be 
grouped loosely into clusters before they can be bound together i^co 
stable crumbs or aggregates. One portion of the sugar groups soil 
grains loosely into clusters. It does it the same way lime does when 
dropped into a bottle of water made muddy by putting clay in it 
and shaking. Hefore the lime is used, the clay particles repel each 
other. They remain separated as far apart as possible. Thej' arc 
light and stay suspended in the water. TIic y\ atcr remains muddy. 

The action of the clay particles is governed by another of Na- 
ture’s laws. It is a vciy simple law , but we must know how' it w orks 
if we w’ish to know' how' aggregates arc formed. The law , stated in 
the simplest terms, Ls: Particles of like chargcs—clectrical charges, 
plus or minus— repel each other, particles of unlike charges attract 
each other. 

Let’s explain this w itii an illustration. Chy particles are negatively 
charged (a minus charge), so they repel each other. They get as far 
from each other as the w atcr permits. In nio\ mg around in the w'atcr 
they stay clear of one another and w on’t bump together I'hey don’t 
like each other, so to speak 

As long as the clay particles remain separate, the lifting {Miw'cr of 
water on them is greater than the pull of gravity. ITicy remain in 
suspension, and the w'ater stays mud.ly. 

Lime (or, chemically speaking, Ca) has a positive or plus charge. 
Lime molecules or particles repel each other, also, because they have 
like charges. But when we put lime in the muddy clay water, we 
create a new condition. 

We put Ca, which has a positive or plus charge in with clay, 
which has a negative or minus charge. The plus charge of the Ca 
attracts the minus charge of the clay. The Ca and clay particles 
draw together about like a magnet draws steel. They join hands so 
to speak. Or, even better, they hug or embrace— become closely 
associated. 

When the Ca and clay particles unite, they do something else to 
the water. The union of the plus cjharge of the Ca with the minus 
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charge of the clay neutralize each other— cancel each other out. 
There are no repelling or attractit^ forces left, so there u nothing 
left to repel or attract the united particles of Gi and clay. All these 
forces arc neutralized— wiped out. 

From this point on, the particles formed when the Ca embraces 
the clay have no charge. They neither repel nor attract other par- 
ticles, and the movement is different from what it was in the muddy 
clay water. These new particles move like people blindfolded. Be- 
cause they can’t see where they are going, they begin bumping into 
each other when they are put in a small room or close space. Each 
rime they do, they linger a while. They don’t rush away. Soon 
several of them collide at the same time and place to form little 
groups or loose clusters. 

As the number of clay particles in one of these clusters increases, 
so docs their ctmibincd weight. Soon, sufficient clay particles join 
the cluster to make it weigh enough for the pull of gravity to over- 
come the lifting force of the Asatcr At this point the clusters settle 
our, and the water clears up. 

This IS the first step in forming a soil aggregate. We call this 
“flocculation,” because each of these clusters is called a floe. Hence, 
we have a flocculation, which is the formation of floes ^r loose 
clusters. One portion of the sugar has a positive or plus charge and 
acts like Ca. It flocculates the clay to form flocculcs, or loose 
clusters. 

The object of flocculation is to pull the clay particles close 
enough together to be cemented with gum, w'hich is made from 
sugar. The indmdual molecule— or unit— of the gum is short so 
doesn’t reach very far. It can’t bridge the space between clay par- 
ticles unless they are pulled together. Unless the clay particles are 
pulled close together— grouped in loose clusters— the molecules of 
gum can’t stick on but one particle. It can’t reach a second particle 
to bind or cement them into clusters or aggregates. 

The second or next step in aggregate formation is the binding of 
the clay particles in the floes into crumbs or aggregates. Nature 
binds these loose clusters of soil grains firmly into aggregates by use 
of another portion of the sugar that is negatively charged. This is 
done in much the same way popcorn is held together in balls by 
sugar or syrup. You cook the sugar or syrup until it becomes sticky, 
like gum. Then you pour this gum-lflce material over popcorn ker- 
nels arranged in clusters in order to bind them into balls. 




Figure 5-4, Thu sample of virgin soil uas put m a bottle of •water ^ 
shaken fifty tones, dumped on paper, and dried. The a^gtegates re- 
mained intact It has a •well-developed granular structwe. (Soil Conser- 
vation Service Photo) 



Figure 5-5. This sample of soil came from a cornfield pm across the 
fence from the sample m Figure 5-4. The cornfield had been row 
cropped for a number of years. It was treated the same as the sample m 
Figure 5-4, but tt was compacted and the aggregate structure has been 
destroyed. (Soil Conservation Service Photo) 
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Nature’s method of getting sugar into the soil crumbs is not as 
simple as your method of getting syrup or sugar into popcorn balls. 
You start with sugar or syrup; Nature starts with dead plant parts 
on top of the ground, which are changed into sugar. 

You pour the gum-like sugar or syrup directly on the popcorn; 
Nature works the raw plant material into the ground around the 
soil graim> first. They are dissolved in the water that surrounds each 
soil particle, then these are made into sugar by soil microbes. They 
are made into sugar directly on the surface of the soil grains. 

Nature uses rainwater and melted snow to get the dead plant 
material into the ground and around the soil grains. Some of the 
plant material is carried into the ground every time water passes 
over it. Tbe water dissolves out part of it, just as hot water dissolves 
sul>stance out of coffee when poured over ground coffee. The sub- 
stance that makes the water brown is what microbes use in making 
sugar. 

The gum-like material used in cementing floes into crumbs or 
aggregates acts like bridges. It holds the soil grains together, yet it 
keeps them apart. It won’t let them pack down tight. 

You can illustrate this with BB shot and soft tar. Stir the shot in 
the tar. The tar will hold the shot together, yet it ill keep them 
apart. TTiey won’t touch each other, because there is a film of tar 
between them so they can't pack down tightly. 

REMOVAL OF PLANT COVER 
DESTROYS AGGREGATION 

Sugars that bind soil graias into aggregates must be replaced fre- 
quently, because other microbes use them as food. Nature solves 
this by keeping the ground surface covered with dead plant mate- 
rial. Every rime it raias, or snow melts, a new supply of soluble 
plant material is carried into the ground for the production of more 
sugar. 

Removing the plant cover interrupts this process. When the sugar 
binding the soil grains into aggregates is destroyed, the aggregates 
break down— fall apart. 

The longer the soil is without a protective plant cover, the more 
complete the breakdown of aggregation. But, renewing plant cover 
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stop the breakdown process and starts building back the aggregates. 

Plant cover can be maintained by planting grasses and clover or 
the addition of straw and other dead plant material as mulch. 
Another method is to leave plant trash on top of the ground instead 
of turning it under. Plant trash left this way supplies the soluble 
material to make the sugar. Restoring plant trash starts the formation 
of aggregates, building back good structure. 

Accumulation of plant residue on the surface of the ground is 
Nature’s way of providing the soil uith a steady supply of sugars 
for aggregation. These supplies are constantly being added to with 
material in the form of falling leaves, twigs, and other above-ground 
parts of plants. 

LEAVE PL4NT COVER ON THE GROUND 

Plowing under plant residue causes all the soluble material to be 
made quickly into sugar. This leaves no new supplies to replace 

Figure 5-6. Soil splaih is mtpoystble beneath a covirhkc tht^ cmhion of 
little bhmteni gr«r and oak leaver on an c tcellent-condition range m 
the (V(?iA Timbers of Texas. This condition maintains good soil struc- 
ture. (Soil Cx)nscr\ ation Service Photo) 
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sugars broken down and produces a high state of aggregation for 
a short time. After the original supply of sugar is destroyed aggrt- 
gation breaks down. Plowing hastens the rate at which soil crumbs 
are destroyed. 

This shows it is better to leave plant trash on top of the ground. 
When left there, sugar binding soil gndns into aggregates can be 
replaced frequently. 


AMOUNT AND QUALITY 
OF ORGANIC MATTER IMPORTANT 

Both the amount and quality of organic matter affect the forma- 
tion of aggregates. The amount determines the quantity of soluble 
material carried into the soil each time it rains. It also determines 
how long these substances can be supplied. 

The quality of the organic matter determines the amount of 
sugar produced from the organic matter, or the amount of material 
available for binding soil grains into crumbs. 

Large amounts of organic matter, as in continuous grass, produce 
lots of aggregates. On the other hand, small amounts or no organic 
matter, produce few or no aggregates at all. 

The plant parts that produce aggregates serve as food for soil 
microbes. These microbes keep the soil healthy, decompose the 
organic matter, and make plant food available. They also destroy 
harmful organisms, help keep down plant diseases. 

CROPPING SYSTEMS INFLUENCE AGGREGATION 

Cropping practices that leave large amounts of trash on top of 
the ground aid soil aggregation. Soils limed and planted to clover 
have more aggregates than similar soils planted to clover without 
liming. They produce more clover, have more trash, and produce 
more sugar. Cropping systems that provide continuous plant cover 
favor total aggregation. Soils well fertilized produce lots of plant 
growth. They become more highly aggregated where the trash is 
left <m top of the ground. 

Practices that produce lots of aggregates also produce high crop 
yields. The best way to increase crop yields is to aim at a h^h d^ree 
of soil aggregation. Cropping systems that keep the ground covered 
with growing plants or plant trash favor formation of lots of aggre- 
gates, which make a soil productive. 
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CULTIVATION DESTROYS SOIL AGGREGATION 

No one has succeeded in improving on Nature’s way of building 
and managing soil. Nature keeps the surface of the ground coveted 
with a blanket of plants to protect the soil from the harmful effects 
of wind and water. The soil retains the mineral plant food 
available from rock during the soil-building process. The soil also 
accumulates organic matter from the plants forming this cover. 

The result is usually a topsoil well supplied wth organic matter. 
It becomes a soil that is in good tilth, well aggregated and aerated, 
and one that absorbs water freely and has lots of room for storing 
water for plant use. 

When we took over, we upset Nature’s smoothly operating pro- 
gram and destroyed the blanket of plant cover. We either burned 
it off or plowed it under. By destroying this plant cover, we intro- 
duced two harmful practices. We removed the protective plant 
cover and disturbed the soil by plowing it, Roth practices were 
opposed to the program developed by Nature. 

We abruptly stopped Nature’s soil-building process by destroy- 
ing the plant cover. This also roblied Nature of her means of holding 
the soil in place. We exposed the bare soil to the action of wind and 
water, so much of the plant food and dead plant material was lost. 

Frequent plowing and cultivation made the situation worse. Each 
plowing brought new soil to the surface, and this constant stirring 
hastened the hnal destruction of the crumb structure. It also in- 
creased erosion. With each plowing or stirring the soil became more 
compact. It absorbed less water, so its water storage capacity was 
reduced and less water was stored in 'he soil for plant use. 

AGGREGATES INCREASE PRODUCTlVITy 

The aggregate condition is a fairly accurate index of soil pro- 
ductivity. In Iowa, land planted continuously to corn for thirteen 
years produced an average of 31.8 bushels per acre. Corn growm 
in a three-year rotation averaged 54.0 bushels. TTiis was an increase 
of over 22 bushels per acre for the rotation. 

The soil on the rotated plots was more highly aggregated than 
that on the continuous corn plots. Moreover, the difference in yield 
between the two treatments is rapidly increasing. In the last five 
years the corn grown in the rotation averaged 71.2 bushels per acre. 
Land continuously in com averaged.2 3.9. 
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1. Get a spade full of soil from either a fo/ested area, pasture, or 
meadow and another from a cultivated field. Spread out on a smooth 
surface and compare the two samples. The sample from the forested 
area, pasture, or meadow will be loose and friable, full of small crumbs. 
The one from the cultivated field will be compact, and the clods will 
be hard and lumpy. Why this difference? 

2. Place a small handful of each of these two samples in a jar of 
water and shake a few times. Pour out on paper and let dry. Notice 
that one sample will retain its crumb-like structure. The other will look 
like a mud pie. Why this difference? 

3. Locate a spot that has been covered with trash mulch for several 
weeks or months. Take a sample of soil from beneath the mulch and 
compare with one from a bare spot near by. Make the same tests as in 
No. 1 above. l‘he sample from beneath the mulch will compare with 
the one from the forested area, pasture or meadow. The one from the 
bare spot will compare with the one from the cultivated field. Why? 

4. Select an area in the garden or in the flower bed and cover about 
three to four inches deep with straw, leaves, or other trash. Add new 
material every two or three month.s. At the end of about nine months 
or a year examine the soil beneath the mulch. The layer at the im- 
mediate surface will be darker than that below. The soil mass for a 
short depth will ht better granulated than at the time the project was 
started. Soluble portions of the mulch cover ha\e been lencheePand 
carried into the ground where the microorganisms continued the de- 
composition process, u hich started in the lower areas of the mulch layer. 
The products produced by the microorganisms supplied the cements 
to form the aggregates. 


Questions 

1. What arc the main differences between soil from a forest or jiasture 
and cultivated land? What makes these differences? 

2. What makes wood and pasture soils soft and springy? What arc the 
crumbs or little clods that make it that way? How do they affect 
the productivity of the soil? 

3. What is soil structure? What makes a good soil structure? 

4. Sometimes soils v,t\\ supplied with plant food do not produce big 
yields. What is the relation of less yields to soil structure? 

5. Why is it necessary that we know how soil crumbs or aggregates 
are formed? What happens when lime is put in muddy clay water? 

6. What binds soil grains into granules? How arc these gums pro- 
duced? 
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7. What IS flocculation^ How does it work^ What is its importance 
m crumb formanon’ 

8. Cxplam the diflFerent steps nature uses in producmg gum or sugar 
to cement soil grains together 

9. Whv IS It necessary to has e the ground covered svirh dead plant 
matenaP How does Nature keep the giound covered ssith plant 
trash’ 

10. Wh\ IS both amount and kind of orgamc matter imporunt m 
crumb fonmnon’ 

11. Hoss does plowing affect soil iggicganon or tilth’ 



6 


Soil Surveys 


Xhf. soil survey is an inventory of the soil— a record of the physical 
land features. It is a listing of the land features important in deter- 
minii^ how the land can be used best. These features, recorded on 
a map or aerial photograph, include the kind of soil, steepness of 
slope, type and degree of soil erosion, and overflow or salinity prob- 
lems. liie survey shows the land features in enough detaU to furnish 
information to plan its use. Soil<surveys are used in planning soil and 
crop management programs on the farm. 

LAND-CAPABILITY CLASSES 

The Soil Conservation Service used the information on physical 
land features to group soils on a more useful basis. As a result, the 
soils of the nation were grouped into land-capability classes. Land- 
capability classification groups soils on the basis of their suscepti- 
bility to erosion under agricultural use. It shows the limitations on 
use of various soils. The soil survey shows the limitations of use of 
the various soils on the farm. It serves as a basis for planning correct 
land use. 

Land-capability classes, being summarizations, for farm use, of 
the soil information show how climate, slope, and erosion affects use 
of the soil. They also show how overflow and salinity problems 
restrict its use. To make it easier to use, the capability of each kind 
of land is shown in a different color. 

The land-capability maps are used by farm conservation plaiming 
specialists to serve as guides in developing sound plans. *rhey are 
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a guide to the proper use and protection of all the land on each 
farm. Soil surveys also serve a broader use. They serve as a source 
of information in planning for immediate and long-time operations 
over large land areas. 


SOIL MAPPING UNITS 


ITie smallest division of soils in this classification is known as a 
mapping unit. Mapping units contain soils alike in those character- 
istics known to be important in farm planning. The characteristics 
are indicated by symbols (signs) on the soil sur/cy map. Some of 
these characteristics can be scon directly, others may have to l>e 
determined from the infonnarion given. 

Ordinarily the most imixmant soil characteristics are effective 
depth, texture of surface soil, and permeability of subsoil. I'hickness 
of soil or subsoil layers, pcnncability of the underlying material, 
moisture-storage capacity, internal drainage, degree of acidity or 
alkalinity, amount of organic matter, or amount of plant nutrients 
arc also used. 

Effective depth of soil. F ffectivc depth of soil is the depth plant 
riKits penetrate readily m search of water and plant nutrients. It is 
the depth or layer of soil most favorable for growth of roots and 
for the storage of moisture for plants. I'ffcctivc depth may be 
limited by underlying material. Some underlying materials inter- 
fere with normal root development. 

A shallow soil has limited amounts of plant nutrients and small 
uater storage capacity. Cjcnerally speaking, crops suffer from lack 
of water more quickly on shallow than on deep soil. Land leveling 
for irrigation may be impractical on shallow soil. 1 he gradients of 
terraces may depend on the effective depth of soil. Other soil man- 
agement programs arc affected by the cffcctn soil depth. 

The following descriptive terms and ranges arc used to define 
effective depth of the root rone: 


Deep 

Moderately deep 
Shallow 
Very shallow 


36 inches or more 
20 to 36 inches 
10 to 20 ir.ches 
Less than 10 inches 


In some localities soils need to be arranged in two groups on the 
basis of effective depth. One group includes soils without layers 
limiting root growth at any depth, or at some depth below 60 inches. 
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The other group includes soils with restricting layers at depths of 
36 to 60 inches The term “very deep” could be used for the first, 
and “deep” for the second 

In some areas, inform ition about layers uithin the effective depth 
of soil may be needed 7 htst include thickness of the surface soil, 

Figures 6-1 & 6-2 Profiles of a Aitarm silt loam from a wooded area and 
ftom a cultivated field m Iowa The profile from the wooded area 
shows the Ay By C, and I) horizons All of the A horizon and a portion 
of the B horizon have been icmovcd by erosion from the cultivated 
field. The A and B horizons are subdiiided (Soil Conservation Service 

Photo) 





Figure 6-3. Removal of plant cover destroys soil cntmbs {tilth). The 
soil hi these tuo views u the same type. That on the left remained in 
gra\t, while that on the right came from a cornfield put 2S feet away. 
(Soil Qmservatinn Semee Photo) 


thickness of subsoil, and thickness of sandy soil over a layer of much 
lower (lermeability . 'Fhe following tenns fit most conditions- 

Thin 0 to 6 inches 

Moderately thick ft to \2 inches 

Thick 12 to 18 inches 

Very thick 18 to 16 inches 

The terms “thick” and “thin,” with appropriate prefixes, are used 
m describing soil layers other than effective depth. “Deep” and 
“shallow” arc used in expressing effective depth. For example, it is 
thin surface soil, not shallow surface soil. 

Texture of surface soil. Texture’ of surface soil is closely associ- 
ated with workability, permeability, ind other so'l characteristics. 
The fifteen or more textural classes are placed in seven or less tex- 
tural groups for fann planning. 

Permeability. Permeability of a soil is its capacity to transmit 
w'atcr or air. It is the rate water flow's through y«l. 

In mapping, the permeability of Ca 1 horizon (See Figure 6-1.) 
within the effective depth of soil is determined. In most instances, 
permeability of the layer limiting effective depth is also determined. 
Permeability of all soil borizons and their relation to each other and 
to the entire profile is considered. Often, the chief concern is with 
the one or two least permeable horizons. 

Permeability of the surface layer affects the infiltration rate of 
Water into the soil. Actually, the ptermcability of the top one or 

^ Texture refers to size of individual soil grains. 
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two inches of soil fixes the infiltration rate. The highest rate is at- 
tained under ideal cover and soil structure conditions. Infiltration 
rate is not considered in setting up soil-mapping units. It varies too 
much. It usually can l)c inferred from the mappable soil character- 
istics. This is especially true when the cover and surface conditions 
are known. 

The seven degrees commonly used to express permeability of 
agricultural land arc: 

Kate of 
Perweability 
Very slow 
Slow 

Moderately slow 
Moderate 
Moderately rapid 
Rapid 
Very rapid 


Percolatimi hi Inches per Hour 
[.cssrhan 05 
0.05 to 0.20 
0.20 to 0.80 
0.K0to2.«0 
2.50 to 5.00 
5.00 to 10.00 
More than 10.00 


Fewer or more divisions may be used as conditions require. If, 
for example, three divisions should pro\e to be enough, the descrip- 
tions ‘‘slow,’' “moderate,” anjj “rapid” would be sufficient. Penne- 
ability, or rate of percolation, should be given w'herc possible. 

Available moisture capacity. A\ailable moisture capacity is a 
soil’s ability to store w'ater for plant growth. Total available mois- 
ture capacity is the sum of the capacity of different layers in cffcc- 


Figure 6-4, Grass sod mcasis ^ood sod tilth. Grass litter provides a 
source of sugar for soil crumb \onmtton. This native Texas grassland 
has lots of crtmibs and good tilth. (Soil Conservation Sen'ice Photo) 
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tive depth. This capacity determines a soil’s ability to supply mois- 
ture during droughty periods. 

The following terms and ranges are used for five degrees of 
available moisture capacity: 


Degree of Availability 
of Moisture Capacity 

Very high 

High 

Moderately high 

Low 

Very low 


Available Moisture capacity in Inches 
of Water per 60 Inches of Soil Depth 
12 inches or more 
9 to 1 2 inches 
6 to 9 inches 
... 3 to 6 inches 

Less than 3 inches 


Texture and organic matter content arc factors influencing avail- 
able moisture capacity. Silt loams, for example, hold more available 
water per foot than sandy loams. Loamy sands hold less than fine 
sandv loams. 

Reaction. Degree of acidity or alkalinity (pH range) is occasion- 
ally of use in separating .soil mapping units. This is especially true 
for determining the need for lime and sulphur. The fidlowing pH 
ranges are u.sed: 


Acid . Less than pH 6.5 

Neutral pH 6.6 to 7.3 

Alkali . pH 7.4 or more 

Natural soil drainage, ^toftling, especially mixtures of grayish, 
pale yellow, yellowish, and rusi -brown in the soil profile indicate 


Figure 6-5. By using crop residue as a tnulch act* can have good crumb- 
like structure in our cultivated fields too. The cornstalks on this South 
Carolina field should have been cut into lengths short enough to vjork 
through. (Soil Conservation Service Photo) 
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poor aeration. These soil colors indicate poor drainage or lack of 
air. Brighter yellowish or reddish colors indicate good aeration and 
drainage. The following profile drainage characteristics are used. 

Well-drained. Soil is well oxidized— iron broken down— and free 
from mottling. The underlying material may l)e sl^tly mottled 
or splotched. 

Moderately well-drained. Soil is well oxidized. It is free from 
mottling in the topsoil and upper parr of the subsoil. Slight mottling 
of grayish and rust-brown colors may occur in the lower part of 
the subsoil. 

Imperfectly drained. Soil is well oxidired. It k free from mottling 
in the surface. The subsoil is mottled with grayish, yellowish-brown, 
and rust-brown colors. The degree of mottling is usually greater 
than in the lower part of the subsoil of moderately well-drained 
soils. 

Poorly drained. Soil is mottled grayish brown and brownish. It 
may be gray at or near the surface. It often has light grayish layers 
just aliove the subsoil. The mottling is usually highly contrasted. 
Yellowish, grayish, and rust-brown colors predominate. Small iron- 
like particles may occut outhesutlace 

Say \x\\K> gray or and inst-lstown su\>s*vv\. Vx VKUaVVy OCCWIS 

on flat or slightly depressed areas— areas where water stands, or for- 
merly stood, for long periods. Also included are soils developed in 
places covered by water. Pear and muck occur in such places, but 
the conditions have favored the accumulation of plant remains. 

Natural fertility. Natural fertility is an important factor in se- 
Jecdqf' units. The d^yree of ferdlii^ often detemunes 

the use, management, and amount of protecrion needed. Such char- 
acteristics may be mapped within helpful limits. 

Natural fertility is the amount of plant nutrients present. It is 
difficult to determine on any national scale, i his factor should be 
used only to separate mapping units alike in other characteristics. 
Usually four degrees of natural fertility are enough. They arc- 
high, moderate, low and ver\ low. 

Organii matta content. The organic matter content of a soil in- 
dicates its durability and productive capacity. Often it can be deter- 
mined on the basis of oliservable characteristics, such as color and 
sponginess of the soil. Organic matter needs can be determined by 
s tendency to crust or “bake.” Organic matter content should 
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be i^d only to separate mapping units otherwise similar. The fol- 
lowing broad classes are usually sufficient: high, medium, and low. 

n cr ying parent material. Parent material is the substance 
soil came from. It often is an important factor in setting up units 
for soil surveys. Soils dcvelojied on limestone by glaciers may be 
more desirable for some crops than those developed on acid glacial 
material. Limestone soils usually are more productive than those 
derived from nonlimcstone material. The latter contains sandstones, 
acid shalw, and granitic rocks. Parent material may indicate soil 
deficiencies. These deficiencies may be lack of copper or manganese, 
or the presence of such toxic elements as selenium. 

Organic soils. Organic soils are made up of dead plants, which 
are called peats and mucks. Properties of these soils used in setting 
up mapping units arc: (I) thickness of organic materials, (2) kind 
and thickness of underlying material, especially its peniicability; 
0) reaction (pH range); (4) texture or structure of the surface 
layer, whether it is peat or muck; (?) character or composition of 
organic material, such as sphagnum peat and saw grass peat. 

1 he term “shallow” should not be used unless the characteristics 
of the profile add up to the eqm\ alent of a shallow sipiI. For example, 
eighteen inches of pent over sandy clay may have the cr€>p-resfx>nse 
value of a deep soil. On the other hand, eighteen inches of peat over 
limestone may be described as sh dlow. 

Names and descriptive titles for soil units. Suitable names or de- 
scriptive titles should be given each soil unit. Important soil types 
occurring in each mapping unit should be listeu, if available. 


ASSOCIATED LAND FEATURES 

Associated land features arc important in fann plans. These in- 
tiude slope, erosion, wetness, salinuy, overflow hazard, and suscep* 
tibility to sl ream-bank cuuing. 

Slope. Steepness of slope affects vclocirv of runoff rare of ero- 
sion, use of farm machinery, and Lind man.igcnient practices. 

Important ranges or classes of slope arc determined. If the soils, 
^'limate, and important land- use factors are fairly uniform, one 
Rtoup of slope classes may be enough In some areas, x\\ o oi pos.sibly 
three groups may be needed. For example, i/iit group of slope classes 
iwght apply to moderately and rapidly pemKable soils. Another 
’Hay apply to slowly pcnneable and claypan soils. 
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Tliese remis are suggested for designating different slope classes: 
nearly level, gently sloping, moderately sloping, strongly sloping, 
steep, and very steep. 

Erosion. I<>osion is the movement of soil by natural agencies— 
usually wind, water, and .slides. Geologic erosion is normal, not a 
result of human activity. Mapping in soil surveys for farm plannii^ 
is concerned with man-made erosion. 

Soil enMiion mapping shows three things: ( 1 ) changes that have 
occurred, (2) the rare of past and possible future damage, and 
( 3 ) what is left in the way of productive topsoil. 

Degree of wetness in some instances can be cla.ssi(ieJ and map})ed. 
Resulting from a number of factors, it may l>e due to high w'ater 
table, suspended water table, seepage, slow escape of water from 
level areas, or slow drainage of heavy soils. 'Fhese conditions leave 
their imprint on the soil profile or in the kind of vegetation present. 

Degree of wetness cannot be u.scd as an indicator of |)crmeability. 
A soil may he wet, regardless of its permeability. If it contains 
ground w ater held by a deeper slowdy permeable or impermeable 
layer or barrier, it w'ill be w'ct. Both degree of wetness .ind ^lenne- 
ability are important to land iitilkation. 

Kvpcrience indicates that four degre<“s of w'ctness will me«t nwist 
farm planning needs. The.se arc: 

Slightly wet: (. J rowth of crops may lie slightly aff ected or the 

planting dares delayed for brief periods. 

Moderately wet: Growth of crops may be moderately affected 
or planting dates delayed by a w'eek or so. 

Very wet: Clrowth of crops senously affected, or plant- 

ing delayed as much as a month or more; may 
be usable for improved pasture. 

Extremely wet: A sw*amp or marsh too wet for cultivated 

crops or improved pasture. Usable only for 
wildlife and certain trees. 

Salinity. Presence of salts in amounts toxic to commercial plants 
frequently limits Isuid use. At least three cla.sses are needed in irri- 
gated areas. I'he following usually are sufficient. 

Slight salinity: Crop yields are slightly affected, or the 

range in adaptable crops is slightly limited. 

Moderate salinity: Crop yields are moderately affected, or the 

range in adaptable crops is moderately 
limited. 
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Crop yields are seriously affected, or the 
ran^ in adaptable crops is severely limited. 

Very severe salinity: Satisfactory growth of useful vegetation is 
impossible except, possibly, of some of the 
most salt-tolerant forms. 

Frequency of overflow. Overflow hazards often influence the use 
and management of land. For adequate land-capability classification, 
the frequency and duration of expected overflows is important. 
Specific standards for the separation must be established to fit local 
needs. Below arc listed three broad standards that meet most com- 
mon needs: 


Occasional overflow's or over- 
flows of short duration 

Frequent damaging overflows 
or overflows of long 
duration 

Very frequent damaging over- 
flows or overflows of verj' 
long duration 


Crops occasionally damaged or 
planting dates somewhat de- 
layed. 

Crops frequently damaged or 
range of adaptable crops 
limited. 


Not feasible for growing cul- 
tivated crops. 


ITicsc classes may need to be defined more precisely to cover 
local conditions. The time of flooding may also be indicated. 

Other factors. Bottom lands subject to stream-bank cutting may 
need to be indicated and identified. Occasionally, the topographic 
position has enough significance to warrant separate expression. 
Character of the substratum usually can be covered in the soil 
mapping units. 


MAPPING PRESENT i.AND USE 

Information on present land use (or land cover in the case of 
land nor used for crops) is needed for farm planning. It is important 
to know the location of the following classes of land: cropland (L); 
idle land (X); pasture or grazing land, or giassland (P); w’ood- 
land (F); and possibly brushland. Othe > may be set up if needed, 
but each should be clearly defined. 

Exerqses 

1. Walk over the cultivated portion of your home farm or that of 
a neighbor or a friend. Record in a rough sketch the most important 
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types of soil you observe. Show the location and approximate extent 
of each. (If you have access to a soil map of the farm, all the better.) 
Show in this same sketch where the various crops are grown. See what 
relation you can find between the main characteristics of the different 
soils and the particular crops on them. 

2. Examine the soil profile as shown by the banks of ditches or 
gullies. Draw a sketch showing the different layers (horizons) of the 
soil. Take quart samples of soil from each layer of soil to the laboratory. 
Place equal amounts of the various samples in funnels, i^hich have been 
lined with filter paper, and pour water over them. Notice the difference 
in the rate the water moves through the samples. 

Qufsiions 

1. What is a soil survey? How is it made? What docs it include? 
What Is it used for? 

2. What is a land-capability class? How is it made^ 

3. What is a soil mapping iinit^ What does it contain^ 

4. What important soil characteristics are used in making up mapping 
units? 

5. What is meant by effective depth of soil? 

8. What is the difference between effective depth and thickness of 
surface soil? 

7. Define soil texture. Soil permeabilit)\ 

8. What fixes the infiltration rate of soil? 

9. What determines total available moisture capacit)' of a soiP 
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Xhk soil is the basis for all cropping programs. If used wisely, it 
can be made to produce high crop yields indefinitely and be im- 
proved at the same time. But if it is unu Iscly used or used for pur- 
poses for which it is not suited, the results will be disappointing, even 
disastrous. It Ls important that the farmer know the capabilities of 
his soil. It is as important that he know the capability of his soil as 
that of his machinery or of each t\ pe or class of livestock. 

It is unwise to use .sandy soil to produce crops that rccjuirc heavier 
types of .soil. Neither is it wise to select steep hillsides to grow clean, 
cultivated row crops. Sandy soils produce their highest yields W'hcn 
planted to crops best suited to them. They produce most when they 
arc managed in a w^ay bc,st suited to their needs. Likewise, heavier 
soils respond most favorably to cropv adapted to them and produce 
largest crop yields when given proper management. Management 
should insure against erosion and other forms of deterioration. It 
would not be wise to plant .steep hillsides to clean cultivated crops, 
when at the same time bottomlands arc planted to trees and grass. 

Those soil and crop management practices that give the best crop 
yields over a period of years also pro\ 'df the best protection against 
soil erosion. Otherwise, it w'ould not be |X)s.sible to continue growing 
crops year after year on a field without the yield declining. It would 
eventually decline to such an extent that planting it to crops would 
no longer be profitable. 

It was pointed out in an earlier chapter that soil erosion is a de- 
stroyer of soil. Erosion is the greatest single factor responsible for 

SI 
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the destruction of farm land It will be shown m a later chajiter that 
soil erosion lowered crop yields about as fast as improved methods 
of farming increased them. 1 he result was a stand off in crop yields. 
I rosion neutralized the benefits of soil and crop management In 
short, soil erosion may be compared to a bunghole m a barrel As 
long as the bunghole is open, the barrel cannot be kept filled with 
water The \i ater runs our ar the bunghole as it is poured in the top, 
if the bunghole is stopped, the barrel can be kept full 

We now know how to stop this bunghole that has leaked so much 
of our soil fcitility The first step is to make a study of the soil in 
eaeh field on the finn We need to find oirf its peculiar character- 
istics and learn how each soil type differs from the other, how these 
differences affect the use of the soil, and how they affect crop and 
soil management needs 

This approaeh looks upon the soil as being a li\ing thing— some- 
thing that can be made to grow when properly managed Or it ean 


r tf(ure 7-/ Phi soil man bom luith an aui^tr on this Maryland jaryn to 
find out the kind of topsoil and subsoil I he information obtained is 
Ti corded on an amal photoi(iaph of the farm (Soil Con^rvation 
Serviec Photo) 



Figure 7 - 2 . The sat! 
surveyor uses an ad- 
justahle level to meas- 
we steepness of slope 
in this Wtsconsm field, 
(Soil Conseriation 
Service Photo) 



be destroyed when iniproperU managed Soil is something that will 
increase in \aliic and product iventss when put to proper use and 
correctly managed. 

The key to proper use and Man igemcnt of soil, then, is an intimate 
understanding of the land This int hides know ledge of the various 
soil types on the farm and of their ch raeteristics, possibilities linii 
tations and needs. 

All farmers know a good deal about some of the different kinds 
of soil they arc farming Thty do not know the good and bad pcqnts 
about all their soil, though -that is, each t\ pr of soil Stream bottom- 
lands, for example, are easy to recogni/c Some are sandy, others arc 
moderately sandy or loam), and some »c heavy (clayey). There 
are well-drained ones and naturally wet kinds Some of the uplands 
are moderately sloping, steep, or nearly level. Some soils take in 
water readily, others do not. A number of farmers know something 
about many variations of land. 

There is an amount of the level land that is good for cultivation, 
but some of it may be too wet Two or three different types of soil 
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may occur on similar locations, such as nearly level land, gentle 
slopes, moderate slopes, and on slopes so steep they cannot be safely 
cultivated. Often there are four or five different types of soil on a 
single farm. There may be more, if the soil is unusually variable. 

To determine the best use for each type of soil on a farm takes 
time and study. To select the best practices for each kind takes more 
study and time. 

Let’s consider the job of finding out about land. We want to find 
what it will do best and to know what management and treatment it 
needs. A soil inventory helps a farmer know the kinds of land he has, 
so methods have been developed for making such an inventory. 

The soils specialist is usually the first to visit a farm, perhaps even 
before the farmer applies for help. The soils man supplies the farm 
planner with information when he visits. The soils man uses an auger 
or sometimes a spade, to sample the soil. He bores or digs deep 
enough to find what is beneath the surface, so that he may know all 


Figure 7-5. This Hagerstown silt loant in Pennsylvania has seven inches 
of dark’Colored topsoil in the horizon. This is underlain with the 
A 2 horizony which consists of about five inches of gray ishmbr own, 
granular, friable silt loam. Immediately below this is about a twelve- 
inch layer of loam, which is mottled yellow and red, moderately com- 
pact, somewhat plastic when wet, hard when dry, cloddy and silty. 
This loam makes up the B horizon, which rests on limestone bedrock. 

(Soil Conservation Service Photo) 



Figure 7-4. Kirkland silty clay 
loam in Oklahoma, This soil was 
developed under grass. It is dark 
in color and loose and friable to 
a depth of from three to four 
feet. It absorbs water readily, 
(Soil Conservation Service 
Photo) 


he can about it. He doesn't map soil just on the surface alone but 
looks under the surface. 1 le wants to know what the subsoil is like, 
too. 

^'ou can’t tell >»'hat is inside of a book by just looking at the cover, 
^'ou must open it-read it. You can't just ltK>k at the topsoil and tell 
the kind of soil. You must h« k inside, examine the layers, and inter- 
pret what you find. Kven tlvisc fanners who know their soils find 
the soils man helpful. He can usually explain things they have seen 
for years but did not understand. 

The soils man also carries a .small adjustable hand level, which he 
uses to measure the steepness of slo})cs. I Ic carries a map on which 
to write down what he finds out about l)orh the soil and its slope. 
This base map is an aerial photograph that shows roads, buildings, 
streams, and other features. Usually li ‘ individual field can be rec- 
ognized. The soils man maps erosion condition, as well as outstand- 
ing poor drainage and excessive salt content. 

The soil-capability map has for the farmer useful information 
about his land. It shows idle lands, gullies, and the like. He can keep 
the map in a handy place with his other records and refer to it from 
time to time. Colors on the map tell him the suitability of his soil for 




Fipire 7*5. Vemon fne sandy 
loam in Oklahoma. The zero- to 
twelve- or fourteen-inch layer 
represents the A horizon. It is 
brownish to grayish-brown fine 
sandy loam. The B horizon, from 
a depth of twelve-fourteen inches 
to about thirty inches, is reddhh- 
brown to red sandy clay. Be- 
twecn thii and the parent ma- 
terial (thmly laminated sand- 
stone shale) IS the C hortzon. 
(Soil Conservation Service 
Photo) 


cultivation and for other uses. This chapter explains m hat the colors 
and symbols shown on the map mean. Brief descriptions that go w ith 
the map tell something about each kind of land: texture and depth 
of soil, steepness of slope, and erosion. They also tell about suitable 
cropping practices and show the principal practices needed for ero- 
sion control, water control, and other special management features. 

The soil-capability inventory gives only a part of the information 
needed in making a farm plan. 1 he completed map shows where 
strip-cropping, contour farming, terraces, diversions, or other prac- 
tices arc needed. 


FACTS OBIAITSED IN THE FIELD 

A careful examination of the soil in the field Is necessary, because 
this is the only way to determine the capability of the soil. The 
capability map gives the farmer additional information about his 
.soil. The soils man walks over the ground, bores holes in the soil, 
and determines its depth. He determines texture, permeability, avail- 
able moisture capacity, inherent fertility, organic matter content, 
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and other characteristics that affect the use, management, and treat- 
ment of the land. He measures the slope, determines the soil loss by 
erosion, and the overflow hazards. He also determines the wetness 
of the land and other significant characteristics. He notes the present 
use of the^ soil, and these facts arc recorded on the base map to be 
used later in making the farm plan. 

SIGNIFICANT VARIATIONS 
IN SOIL CHARACTERISTICS 

Mapping units have wide enough differences to require different 
soil management practices. They have different uses, crop yields, 
and management requirements, f ach soil characferistic is considered 
in I elation to all oihcrs in deteniiining what the land can do. 

SOIL IS CXASSiriED 

With these facts, the '•oil can be clas.sificd according to its capa- 
biliry—its ability to produce permanently under specifled uses and 
treatments. 

Agricultural specialists and NicmI farmers work together deciding 
how the land should be u.sed. 'Fhey determine the practices needed 
for each kind of land. Physical land conditions, research findings, 
and technical information arc combined w ith farm experience. This 
combination ser\Ts as a basis for classifying the soil to get the right 
combination of practices for the land, 'riiese practices enable the 
farmer to make full use of ti . land and improve ii, too. 

The system of land classification helps organize significant soil 
facts for fann use. It is know n as tlu “soil-capability classification."’ 
The term “capability” i dales to the degree of hazards and limita- 
tions in managing the land and also show'*^ the land’s best use. 

The soil factors, determined in the field, serve as a basis for judg- 
ing soil capabilities. These characteristic > arc also used in deter- 
mining the best use of the various soil classes. They show soil and 
crop practices that protect the soil fr an the forces of erosion, thus 
insuring top crop yields. 

THE CLASSIF1€L\T10N SCHEME 

A map is made of each farm to show soil type.s, slope, and other 
important physical land characteristics. Soil units are grouped into 




Figure 7-6. SoiUcapability classes sho'u hou imuh diffiadty ot iisk n 
tfwolved w ustnar land Clas^ / land ts level and eas\ to /a/w, btinv^ sub- 
ject only to jeftihty and puddle ooswn (lasses II and III contain the 
soil suited 1 01 eultnation but hunted by slope sandy soil, ti^ht mbwil^ 
or some othit featine ( lass IV soil nqmns care if cultivated Soil m 
Classes V, VI, and VII is mited ]or ^razin^ oi jot jonst/y I he hij^her 
the class nuntber, the c^reatc} the peimanent limitations of the land 
Class VIII soil IS not suited for eultnation, eriazinv oi foiestiy (Soil 
( onsen ition Stnict Photo) 


capability units, which are units tint require different cropping 
s\ stems and soil treatment I his insures continued use ot the land 
at the highest production le\ el the land is ( apable of supporting 
1 ach capal)ilu> unit consists of a group ot soils with specified 
limits Ihese limits inelude soil type, slope, degree of erosion, and 
other physic il characteristics \I1 the soils in a capability unit arc 
about equally susceptible to wind or water erosion under the same 
kind of plant cover Similar cropping systems or other management 
practices are applicable throughout the unit The capability units 
are the physical land-treatment units, as far as permanent soil factors 
are concerned Lach one, consisting of one or more mapping units, 
has nearly unifonn use possibilities and conservation neecls 
The capability units are grouped in successively broader divisions. 
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known as subclasses and classes, where such groupings are useful. 
T^ose units making up a capability subclass have about the same 
kind and degree of permanent limitations. These subclasses are then 
grouped into eight capability classes according to the degree of 
permanent limitations. The eight capability classes are finally 
grouped into two divisions: soils suited for cultivation and those not 
suited. 


SUITABIUTY FOR CULTIVATION 

Cultivation is used broadly to include all that involves tillage of 
a soil. Land considered suitaldc for cultivation is workable. It is nor 
too steep, not too wet, and not too se\ erely limited by other factors. 
Limiting values of the different factors vary from place to place. 
The significant relation is that of the combined physical factors to 
safe, long-time use. In some places, for example, a slope of 10 per 
cent is too steep ftir ciilri\'ation, in other places, in a different en- 
vironment, slopes of 10 per cent or more may l)c cultivated safely. 

The degree to which the risks of damage limit the chances of safe, 
long-time use are inij^oit int factors. They arc used in grouping soils 
in a capability clas.<tificarion. 'fhe damage risks include erosion and 
other land damages, but shallow soil depth, tight subsoil, and stoni- 
ncss arc also considered. .Most of the land not suited for cultivation 
is suited for, and ywW produce, some form of permanent vegetation. 

EIGHT ^ APABILI FY CJ ASSES 

Kach of the two divisions, land suited and land not suited for 
cultivation, contains four capabilit> classes. 1 hese eight classes are 
too general for the manv specific recommendations about manage- 
ment and treatment of land. They are distinguished from each other 
by the degree of pciniancnt limitations that ls, risks involved in 
their use. 

The subclass is the most convent r»^ grouping for practical pur- 
poses. A capability class is determined by the dcf^ree of the total 
limitations on land use. But the subclass is determined by the kwd 
of limitation. 

For use on many small area.s, such as a farm, the capability unit 
is the most conve''jient grouping. This allows the land operator to 
see the .soil characteristics, which he already knows, but he can get 
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their meaning in terms of land limitations. Areas diverse enough to 
take in two or more kinds of limitations within one capability class 
often should be grouped into subclasses. The subclass is more useful 
in dealing with more diverse land conditions than those usually 
found on farms or small areas. 

The capability classes differ from each other because of the per- 
manent physical features. 7*hesc limit land use or impose risks of 
erosion or other damages. 

The classes range from 1 to VUI. Classs I contains the land that 
has the widest range in adaptations. It can be farmed easily. The use 
of the land in the other classes is progressively more restricted be- 
cause of permanent limitations. 

.SOIL SUITED FOR CULTIVATION 

The soil in the first four capability classes is suited for cultivation. 

Class 1. Soils in Class 1 have no, or only slight, permanent limita- 
tions or risks of damage. They are very good, and can be cultivated 
safely with ordinary good fanning methods. The soils are deep, 
productive, easily worked, and nearly level. They arc nor subject 
to overflow damage. 

Class 1 soils used for crops need practices to maintain soil fertility 
and soil structure. The.se practices involve use of fcrtilirers and 
lime, cover and green-manure crops, crop residues, and crop rota- 
tions. 

Class II. Cla.ss 11 coasists of soils subject to moderate limitations 
in use and to moderate risk of damage. They are good soils that can 
be cultivated with easily applied practices. 

Soils in Cla.ss 11 differ from soils in Class I in a number of ways. 
I'hey differ mainly because they have gentle slopes, are subject to 
moderate erosion, and are of moderate depth. They are subject to 
occasional overflows, and are in need of drainage. Each of these 
factors requires special attention, because each restricts the use of 
the land. These soils may require special practices. Soil-conserving 
rotations, water control devices, or special tillage methods may be 
necessary. Frequently, a combination of practices is necessary. 

Class III. Soils in Class III are subject to severe limitations in use 
for cropland and to severe risks or damage. They are moderately 
good soils that can be used regularly for crops— that is, provided 
they are planted to good rotations and given intensive treatment. 
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Soils in this class have moderately steep slopes, are subject to more 
■severe erosion, and are inherently low in fertility. 

Class III soil is more limited or subject to greater risks than Class 
IL These limitations often restrict the choice of crops or the timing 
of planting and tillage operations. They require cropping systems 
that produce adequate plant cover, which is needed to protect the 
soil from erosion and to preserve the soil structure. Hay or other 
s^ crops should be grown, instead of cultivated row crops. A com- 
bination of practices is needed to farm the land safely. 

Class IV. Class IV is composed of soils that have very severe 
permanent limitations or hazards if used for cropland. The soils arc 
fairly good, and may be cultivated occasionally if handled carefully. 
Mostly, they should be kept in }x*rmancnt hay oi sod. 

Soils in Class IV have unfavorable characteristics. I'hey arc fre- 
quently on steep slopes, subject to severe erosion, and arc restricted 
in suitability for crop use. They should be kept in hay or pasture. 
A grain crop may be grown once in fi\'e or six years. In other cases, 
the soils may be shallow or only moderately deep, low in fertility, 
and on moderate slopes. 'Fhej should be in hay or sod crojis for 
long periods and planted to row crops only occasionally. 

SOILS NOT SIJITFD FOR CULTIVATION 

The soils in the last four classes are not suited for cultivation; 
they should be kept in permanent \egctarion where }>05siblc. 

Class V. Soils in Class should be kept in pennanent vegetation. 
They should be used for pasture or forestry. They have few or no 
permanent limitations and nor more than slight hazards. Cultivation 
is not feasible, however, because ..f wetness, stonincss, or other 
limitations. The land is nearly level, and is subject to only slight 
erosion by wind or water if pro|ierly managed. Grazing should be 
regulated to keep from destroying the plant cover. 

Class VI. Class VI soils should be used hr grazing and forestry; 
They arc subject to moderate perm nent limitations. When in this 
use there may be moderate hazards involved. They are unsuited for 
cultivation. Because they are steep or .shallow', grazing should not 
be permitted to destroy the plant cover. 

Class VI land is capable of producing forage or woodland prod- 
ucts when properly managed. If the plant cover has been destroyed, 
its use should be restricted until plant cover is re-established. As a 




Iigure 7 7 fhe laii^c Roman numciah yho'u the capability of each 
part of the faun Uoundaru^ of the lapahihty rla\\e\ aie ontlnied by 
hcazy i^hitc lines 1 he thiee pait symbol made up of Aiabic nu metals 
ami letters shou ^oil, slope and detrree of tiosion (Soil f onscrvition 

Sen ICC Photo) 


mil, Chss VI lind is either steeper or more sul)]cct to \Mnd erosion 
than ( 1 iss IV’' 

Class VII Soils in Cliss \ II land arc subject to sc\cre permment 
limit irions or hi/iids uhen used toi gri/ing or forestr\ 1 hey arc 
steep, eroded, rough, shtilow, droughi\, or s\\ imps I or gri/ing 
or forcstr\ they ire fur to poor, so they must be handled with c in 
\\ here rimfill is implc C hss \’'II lind should be used foi wood 
land In other ire is, it should be used for gri/ing ind strict minigt- 
ment should be ipplied 

Class VIII. Soils in Cliss V’^III ire rough e\en for woodland or 
grazing I he\ should be used for wildlife, reeicjtioii, oi wateished 
purposes 


SOIL LIMITS! IONS 

I he terms Serv good,” ‘good,” ‘ moderate 1\ good,” and “fairly 
good” art used in soil-eapabilit\ e 1 iss descriptions 1 hey e\press the 
rehtise e|uality of land from the standpoint of all known physical 
causes, possibilities, and limitations These include slope, erosion, 
depth, and w orkability of the soil They do not necessarily express 
either present or highest producmit) Por example, a deep, dark- 
cxiJored, fertile soil on a 1 0 per cent slope may hai e the same present 
productivity as a soil on a ^ per tent slope Howes er, from the 
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standpoint of hazards of continued production, the former is classed 
as “moderately good'’ and the latter as “good.” All soils in Classes I, 
II, and III must be at least productive enough to make regular culti- 
vation for annual or short-lived crops practical. 

CLASSIFICATIONS AND RECOMMENDATIONS 

Within each area, land is described according to local conditions. 
Recommendations are also only local in scope. The program for 
each area is local in scope also. It includes best adapted croj%, suit- 
able practices, and best use for each kind of soil in each capability 
class. 

Exi'RCltFS 

1. Select any hillside or a sloping area in a cultivated field. Take a 
spade and determine the appniximate depth or the topsoil (the layer 
darkened by organic matter) near the top of the hill, about halfuay 
down, and near the bottom. This la\ er of soil becomes thicker as you 
advance from the top to the bottom of the slope or hill. Why^ 

2. Make a sketcli of a farni showing roughly the topography and 
the kinds of soils present. Use aerial photi»graphs if available. Indicate 
the use to m hich you think each field is best suited. Compare this with 
a plan that has been prepared for the farm by the Soil Conservation 
Service, if such a plan is available. 

3. I.atcr in the season compare the growth and yields made by the 
crops growing on the same cjr similar areas as that suggested in No. 
1 above. The yields, in ail probability, vvill improve from the crest of 
the hill to the bottom. Why” 

4. Indicate on the sketch made in No. 2 above the main soil-capability 
classes on the fann. 


Qufs rioNS 

1. What is meant b\ soil capability? Why is it important? 

2. Why is an intimate knowledge of the lanJ so important? Flow is 
it obtained? 

3. What is meant by stiil inventory? F . )^\ is it made^ 

4. What is the soil-capability map’ What informatiem does it contain? 

5. Why is it necessary to examine soil in the field? What information 
is collected in the field? 

6. What does th*- soil map of a farm show? 

7. How was the soil-capability classification made up? 

8. Howmany capability classes are there? 
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Rapid chemica] soil tests for derermining lime and fertilizer needs 
are widely ased. The need for soil testing has increased with the 
increased use of fertilizer. The purpose of soil testing is to determine 
the available supply of the major plant nutrients in soil. We have 
no sure way of measuring the available supply exactly, so laboratory 
tests have lieen developed. 

Results of laboratory tests must compare favorably with the 
available supply of plant nutrients if they are to be of value. The 
accuracy of a particular soil test can be determined only by com- 
paring its values with results obtained with field fertilizer experi- 
ments. 

Soils vary widely in chemical nature. Consequently, a soil test 
that gives good results in one area may give pour results in another. 
Thus, it is necessary to try each test in the soil area for tvhich it is 
to be used. Kven then, there may be individual cases in which a test 
fails to show what is intended. However, if the test is standardized 
on the basis of field ex|)eriinenrs, its limitations recognized, and is 
not used as the sole guide, it can be a reliable aid in measuring the 
fertility status of a soil. 

Soils vary greatly in fertility levels— that is, amount of plant nutri- 
ents they contain. Much of this difference is doe to past manage- 
ment practices as related to cropping, liming, and fertilization. 
However, these past practices have varied so greatly from farm to 
farm that a fertilization and liming program that does well on one 
field may not be satisfactory on another. 
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DETERMINING SOIL FERTIUTY 

Several approaches have been used in determining the fertility 
levels in soik. This has been done to make sure the proper rates and 
kinds of lime and fertilizer are applied. The most important of these 
approaches arc discussed below . 

Knowledge of the liming. fertiIi^iI^', and cropping history. Be- 
cause of a lack of infonnaiion, hiiic and fertilizer reijuirements can 
be predicted only approximately. 'IVis lack is due mainly to two 
reastins. ( 1 ) the difHculty in obtaining an accurate history from the 
farmer and (2) the difficulty in determining the losses of plant 
nutrients due to crop removal, soil fi\.ition. and erosion. 

Observance of deheieney svmptoms oi growing plants. Plants 
show' symptoms of nutrient deficiencv if tlic lack is set ere enough. 
These deficiency sympttMus gi\t good lc.ids as to the fcriili/er re- 
quirements. However, these symptoms ate often complicated by 
both disease and insca damage. Omsequcntly, alisolutc identifica- 
tion of deficiencies may be difficult. In most instanres, by the time 
the deficiency inxurs. it is too late to obtain full benefit from ferti- 
lizer additions to that particular crop. In addition, plants may' lie 
mildly deficient and nor show chanicterisric symptoms. Yet, yields 
might be increased by piojKr ftriih/aiion. 

Tissue tests oi lie.sli plant tissue Tht plnnr is the end product of 
all the factors in the environnu nr. 1 herefoic, much inftirmation can 
be obtained fiom tests made vlirtcily op tlic growing plants. Of 
course, as in the case of dtficieuev syuiptoms, if the plant is found 
to be lacking in .i giicn luitncnt it usually is too late to obtain the 
greatest benefit from fertilt/ation 

Soil tests. I’his method ficnnits the soil to help answ’er the ques- 
tion concerning plant-food deficiencies, and in time to lie corrected 
before the enqis arc planted. However, soil tests arc most effective 
when used in conjunction with tissue 'csis, deficiency syrmptoms, 
and management hi‘>rorv. Ihc coordinatcel ami careful use of these 
four tools should make for more . ♦r-'-tivc and more efficient use 
of lime and fertilizer. 

It must be remcinliercd that jxior crop yields arc not always due 
to plant-ftMid deficiencies. .Merely applying the right amount of 
lime and fertilizer will not insure good crop y'iclds. Careful attention 
must also be given to other management practices if maximum bene- 
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fits are to be realized from the lime and fertilizer applied. These 
include good crop varieties, proper cultural practices, correct seed- 
ing date, and control of weeds and insects. 

SOIL FERTILITY DIFFERS FROM PRODUCTIVITY 

W'e know a lor about soil, but ro dare wc can’t tell much about its 
fertility by looking at it, 1 lowevcr, we can determine its produc- 
tivity fairly accurately from visual observations. For example, if 
soil is well drained, ntost crops will grow well. But if water stands 
on the land much of the time, the land is saturated and too wet for 
the best crop growth. 

If the soil Ls stony, it is difficult to u ork. If the topsoil is thick, the 
plant roots have a larger storehouse from which to get their food 
and moisture. A soil may be well drained, stone free, and po.sscss 
thick topsoil but be poor in fertility -that is, low in plant food. 

I low'ever, the chemical or fertility status of a soil is not visible, 
so it is bc.sr learned by chemical analysis. Inrcnsi\ e research on meth- 


Figure #-/. In a non<tm\orm area, as shou'u hel(riL\ Sample 1 ni'ouUi 
include level upland. Sample 2 u'otdd be taken ffom a slopniii atva, $nd 
Sample ? \rom bottomland, Each sample is made up of fifteen to 
Uiventy hoiinf^s taken a\ in Sample / ojid put in a one-pint container. 


Farm Ruad 



Sample No. 3 
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ods for determining quickly the fertihty status of a soil has produced 
the commonly known quick tests. 

&AMPUNG SOILS FOR CHEMICAL TESTS 

Undoubtedly, one of the most important issues associated with 
soil testing IS the matter uf obtaming a soil sample that represents 
the area to be tested. The instructions for soil sampling that follow 
arc based on the type of procedure msolvmg a composite sample 
from a given area. This is the sampling method in use by almost all 
states in this country. 

How to take soil samples. For the puqiose of sampling, the farm 
should be disidcd into areas or fields not larger than f to 10 acres 
in an area If an area or a held is umfomi in appearance, production, 
and past treatment, it may include as much as 20 acres However, 
areas that arc different in appearance, slope, drainage, soil type, or 
past treatment should be sampled separately, even though smaller 
than 5 to lOacics (See Figuie 8-1 ) 

Figure 8- 1 show s the method of properly locating the areas to lie 
s iiiiplcd I ake a separate coiiqiositc sample for etch soil area or field. 
In taking samples a vnl tube, soil auger, or narrow -bladcd trowel are 
picfcrable, but with proper precaution a satisfactory sample can be 
take n w ith a spade and knife 

Avoid taking the sample fioni the fertili/cr band when sampling 
fields in niw cnips Avoid such unusual spots as old fence rows or 
roidlicds, or places where lime or manure has been piled or spilled 
Alsu a\ Old small areas that are much different from the rest of the 
field, if desirable, these areas can lie sampled separately 

I he soil IS easier to sample w hen its moisture condition is suitable 
for plowing Fven though the soil is too wet to plow, ir can often 
be sampled unless it is too muddy for handling The best time to 
sample is after plowing in advane'e of expected lime and fertilizer 
application 

Any clods or luin|>s should be broken up before they dry out. 
Fairly wet samples can be spread out to dry at room temperature on 
a clean sheet of w ax paper, however, don’t dry samples on a stove 
or radiator 

From fifteen to twenty s^xits over the field, take a umform core 
(or thin slice) of soil from the surface of the plow depth (usually 
about five to six inches). (In permanent pastures or lawns, sample 




AUGER SOIL TUBE SPADE 


Fig;ure 8-2. U\c an auf^tr, uni tnhcy or spaik to take a ml smpk to 
the rifrhi depth, (National Plant Food Institute Photo) 


only K) a depth of 2 inches.) If a spade and knife arc used, dig a 
spadeful of soil to plow depth and throw it osiile. Hien dig a one- 
half inch slice of soil and kcej) it on the spade. Use the knife to cut 
from this .slice on the spade a one-half-inch core from top to bottom, 
then place the core in a clean bucket or container. Repeat this at 
each of the fifteen to twenty s|M>ts. 

If you are using a .sampling tube or soil auger, it may be possible 
for the amount of soil from each .spot to be such that a pint carton 
w ill hold the soil from fifteen to tw enty sjiots. If this is not practical, 
.such as* with the spade, collect in a clean luicket. Mix the s(»il s^ell 
from all spots, then lube or (juarter as necessary to fill a pint carton. 

Label each sample w ith a number ami your name. Be sure to kee[i 
for yourself a record of the area fi<»m w Inch the samples w ere taken. 
One way is t<i make a rough sketch or maji t)f the sampled areas. 
Pill our the information sheet as fully as possible, because this w*ill 
help greatly to make \our rcp«»rr and recommendations useful to 
you. 

Alkali areas are t]uiie numerous in some localities. Alkali salts 
move up and down in the sod with the moisture, therefore, alkali 
areas .should be sampled m one-foot layers, riic sampling shcmld be 
done to a depth of three feet or i(» the w ater table if encountered at 
a shallow*cr depth. \ sod auger can be used and composite .samples 
obtained for each one-foot depth. 1 his should be done in a manner 
similar to that used for .surface .soils. In addition, a sample of the 
surface crust itself should be taken and submitted for analysis. 

.S.\MPLINC; \ FIELD 

Several factors need to be taken into account in preparing to 
sample a field for .soil analysis. In this di.scussion consideration is 
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given to each of these factors. Also, it explains and supplements the 
instructions for taking soil samples as presented here Among the 
factors that have to be considered in prepanng to sample a field for 
soil analysis are 

1 The decision as to the area to select for soil sampling, that is, 

hat si/e area to sample, .md hethcr to subdn idt the field 
into smaller fields 

2 The niiinber of borings, the disrnbution of the borings, and 
(he rtl ition of ihc si/t of ihe iie i to be sampled 

^ Depth of sampling 

4 I he si/c ot the final eomposiie sample (one pint usiialU ), and 
s\ hether this should rcsulr from subdn ision of a larger sample 

? 1 he moisture status of the arc i is it too u ei or too dry^ 

Selec tion of ai ca to be sampled In most instructions the are a to be 
sinipled IS design It cd as a * held,” which implies an area eonfmed 
to one irop oj bounded by i ttnee., stream, ditch, roid, oi some 
other line I requf nil\ the insriuc turns suggest thtt a scpai ue com- 
posite simple be tiktn tor e\tr\ five to ten acres, thus restricting 
the si/e ot the field \efuill> there is no good basis for such a ic- 
stru tion S<iil rvpc ind pist minigement should be the chief factors 


Ff If lire H 3 (lift) Soil jot thi ((Jiftpoun iawpk o put in a htekit for 
thotoimh o/mut^ (Natumil Plant 1 ood Institute Photo) 

Ifgufi 8 1 (rt^ht) ( oiNpoMtL ^aviplii oj soil aii put in pint ict iicam 
cations jot shipmuit to thi lahotatory jor analysis (Nationil Plant 
1 ood Institute Photo) 
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in deciding the size of the area. It Ls conceivable that a 20-acre field 
relatively uniform in soil type and in past management could be 
sampled better as a unit than a five-acre field that varies in topog- 
raphy, degree of erosion, soil tyfic, treatment, and other factors. 

From a practical standpoint it may be argued that there is little 
to be gained by dividing a five-acre field for sampling. This is par- 
ticularly true if the field is to be fertilized or limed a.s a unit. There 
is, however, the advantage that some information is obtained on the 
variation within the field. 

Some farmers may prefer to concentrate their sampling sites in 
the poorer parts of the field, then the entire field can be treated. 
Ibis brings the poorer areas up to maxiinutn production, even 
though the better areas may receive a slight excess. In still other 
instances both good and bad areas within a field may be sampled 
separately. This enables the farmer to find out by comparison the 
cause of these differences within the field, thus the purp)se for 
which the samples are taken will influence the selection of the area 
to be sampled. 

Admittedly, the usual instructions dealing with field size are con- 
servative on two counts: They both restrict the size of the area 
represented by one compisite sample and s^iecify the omission»or 
separate sampling of .smaller arcas-areas that differ in topography, 
position, or past management practices. 

Number and distribution of borings. Most instructions call for 
a composite sample made up of anywhere from five to twenty 
borings within a given field. If the field i.s subdivided because of 
differences in soil tyjie, another comjiosire made up in the same way 
should be taken. 

Depth of sampling. Almost all cmpha.sis in soil sampling for rou- 
tine chemical tests has been placed on the topsoil sample. This 
sample is usually taken at the plow depth, or upper five to six inches, 
in fields that have been cultivated. It is obvious that plants obtain 
some nutrients from lower depths. Howxver, in sampling soils one 
of the objectives is to sample the zone that is most likely to reflect 
past management, rather than the feeding zone of the plant. 

In case of permanent pastures and lawns, instructions call for 
confining the sample to the upper tw'o inches. This should not be 
taken to imply that grasses and legumes feed only in that area, be- 
cause obviously they feed from lower depths, also. The upper two- 
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inch sample in this case is based on correlation of results of analysis 
with need fur lime and fertilaer. Where lime and fertilizer are added 
on top by broadcasting, there is a better relationship between the 
plant-food requirements obtained by analysis of the upper two 
inches than of the six inches. Where pastures are plowed or culti- 
vated, these instructions need to be qualified. 

Size of sample and subdivision. The average soil-testing labora- 
tory calls for a volume of from one pint to one quan of soil. This 
may contain a certain amount of trash and rock material, so when 
the soil is dried and prepared for analysis the trash and rock material 
may amount to half the volume. Some irntructions call for a small 
quantity of soil at each boring site to hold the composite .sample to 
the pint- to-quart volume. Other instructioas call for a composite 
amounting to .several times this volume. The larger samples are 
mixed and subdivided. 

I'here is always the likelihood of improper mixing with large 
samples, which is especially true if the soil is damp. It would be 
preferable to avoid .subdividing. Use a sampling tool that takes a 
small volume from each site. In this case the composite of all borings 
is included in the pint-to-(juart volume. In practice, this involves 
difficulties, consequently many instructions call for a conqiosite 
sample wluise tvital volume is from one to tw o quarts. This is thor- 
oughly mixed by hand. From one-fourth to tine-half of the total 
volume makes up the samjilc fur analysis. 

Moisture status. One other factor that dc.serves mention is the 
moisture status of the field when .sampling soils. Little information 
is available on this. .Must in.structiuns do not rccotninend sampling 
fields that are very vv et, because it is difficult to sample and properly 
miv wet .soils. In addition, wet .samfilcs sent inro the lalxiratury may 
easily be contaminated cn route. M'hen they dry out in the container 
they may lie difficult to handle. In spite of this, to avoid conflict with 
other farm work, it is sumetiines necessary to sample fields ttxi wet 
to plow . Such samples should nut be dried artificially but should be 
allowed to air dry so they can lie broken up by hand and halved, 
if necessary. 

INCXUDE INFORMATION ABOUT THE SOIL 

Any information supplied with the sample is helpful to the pecson 
making the test. The soil type name, if known, characterizes the 
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soil It tells something about its ph3rsical and chemical properties 
useful in the interpretation of the tests. 

The cropping history and soil treatment for the past three to five 
years provide useful information: Has the soil ever been limed, have 
fertilizer and manure been used? Are the kinds and amounts known? 
is manure available now for use on the soil? Also, what crops are 
going to be grown? 

Other factors on which information is useful include the amount 
of drainage; whether or not the land is hilly, rolling, or level; 
whether or not there is material underlying the soil, such as sand, 
gmvel, or liedrock; and the approximate size of the area represented 
by the sample. 


TIME OF .SAMPLING 

The soil is constantly changing. It is teeming with millions of 
microorgani.sms. I'heir activities vary from clay to day and from 
season to season and also change M'irh changes in temperature, 
moisture, and food supply. A rapid-growing crop drains soil of its 
available plant food. Otnsecjucnrly. soils arc low in available plant 
f(K>d at the end of the growing season, unless the amounts of these 
materials added in the fertilizer, or becoming available in the £>il, 
arc in excess of crop demands. Seasonal fluctuations in soil acidity 
influence the availability of plant nutrients to .some extent. .Acidity 
is normally at a minimum in early spring and at a maximum in mid- 
summer. 

For general soil diagnosis, tests on samples taken in early spring 
are most reliable. Tests in the autumn after the crop is harve.srcd 
indicate whether or not the fertilizer has been in excess of crop 
needs. Fall resting has the added advantage of allowing ample time 
to obtain materials and make plans for spring work. I'hc choice of 
rime for taking the sample depends, therefore, on the purpose for 
which the test is made. 

INTERPRETING .SOIL TESTS IMPORTANT 

Simple chemical soil tests often provide us in a few minutes with 
Inore useful information about the fcitihty of a soil than can be 
learned by several da)'S of detailed laboratory analysis. The results 
of the tests can be used by a competent person to make sound soil- 
management recommendations, but are often misleading to those 
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who have htde understanding of the relationships between soil 
chemistiy and plant nutrition 

Soil testing IS only another tool used in diagnosing soil ills It is 
not infallible In the hands of inexperienced people great harm may 
be done soils from incorrect interpretations of the tests For ex- 
ample, inexjienenced people might recommend liming uhen actu- 
ally sufiiaent calcium uas a\ iihble in the soil Overhming may 
produce minor element deficiencies 

Practical interpretation of soil tests should l>c considered in the 
light of knoisn limiting factors on crop growth for the sod being 
tested I hese limiting factors include [Hxir sod aeration, (loor sod 
structure, deficient drain ige, low organic matter content, unfavor- 
iblc season il conditions, plant (xsts, and pi int diseases 

HO Ml soil TrsTING 

Portible kits for testing sods are isadable for home use f>en 
eriils the\ will do i good ]ot> of testing, l>ut most people do not 
hi\t the espericnec or the mining to mteipret the tests coirectly 
Results with home kitsmn often Ik disippointing 

But sod testing need not he done in the home Neirly ill the state 
igrieiilturd evpeiiinenr stitions, i few counts extension directors, 
and scMiie cominereiil firms hkc fertdi/er ind seed eompimes, farm 
man igenient sficenlisrs, eomiiiercial hboratories ind einners, make 
tests \ sin ill charge is made for this service l»\ sonic Usually, the 
people in chirge of the testing ire conijKtcnt sod seientists ind aie 
c]uiiihed to interpret results of the rests and suggest correct treat 
ment of the sod 

Still simples may be liken to i sod testing laboratory or mailed 
In either case, Ik sure to give as much infomiaiion about the sod as 
possible This insures the best possible interpretation of the test 
results and recomniendations of proper treatments by the sod sci- 
entist 


USES Of SOIL TEfcTS 

Lime requirements. Sods vary greatly in acidity as well as in tex- 
ture and organic matter content These factors affect the amount 
of lime needed \ sod test is the best guide in determining whether 
or nor lime is needed and, if so, how much Sod tests are helpful in 
pointing out where the lime would be most beneficial 
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Ferdiiier requirements. The general recommendations of state 
agricultural experiment stations or extension services arc of neces- 
sity based on average soil conditions. In many instances ranges in 
grade of fcrtili/.cr and in rate of application are given. Since soils 
vary greatly in fertility level, each field must be considered a sepa- 
rate problem. Soil analyses help the farmer to choose the proper 
grade and rare of fertilizer, thus enabling him to correct for low 
levels of either phosphorus or potash in the soil. 

Determination of the amount of organic matter in the soil is im- 
portant in the fertilization of certain crops. W'hcn organic matter 
decomposes, it releases nitrogen. With a cr(»p like flue-cured to- 
bacco, which Is damaged by too much nitrogen, the amount of 
nitrogen required in the fertilizer is greatly affected by the organic 
matter content of the soil 

HOW SOIL TESTS CAN HELP 

Soil tests assist farmers in several ways. I'hcy indicate the amount 
and kind of fertilizer and lime that should be applied to a certain 
crop when grown on a certain st)il. Often they can be used to deter- 
mine which of two or more available fields arc best suited to the 
growth of a specific crop, 

(Combined with plant tissue tests, soil te.sts arc excellent diagnostic 
tools for trouble shooting when a crop fails to grow satisfactorily. 

Soil tests also provide an excellent control method for determining 
plant food losses during heavy rains. In such instances, nutrients 
lost from the soil can be replaced before the crop begins to suffer 
deficiencies. Potato growers in New Jersey have profited from such 
use of soil tests, in recent years. 

ICxFRClSh 

1. Draw a niugh sketch sliowing the boundaries of a field on your 
fanii. Use a soil map or aerial photograph if available. If the soil is not 
uniform throughout the field, draw lines through the .sketch to locate 
the areas to be sampled, lake an appropriate sampling tool and get a 
composite sample of each of the sampling areas. Have the samples 
analyzed for fertilizer and lime recommendations for the field. 

Questions 

1. What is soil te.sting? What is its purpose? Why is it necessary? 

2. What is soil fertility? How does it differ from productivity? 
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3. Are poor crop yields always due to lack of plant food? Name other 
factors that may cause poor crop yields. 

4. What is the main objective to be achieved in taking a soil sample 
for testing? 

5. What are the main precautions to be observed in raking soil samples? 

6. How many borings should be made in sampling an area? How is 
the composite sample obtained? 

7. How do we determine the size of the area to be sampled? How do 
we proceed in taking the sample? 

8. \^^hat tools are used in taking soil samples? Name the good and 
bad points of each. 

9. Explain the various steps in sampling a field or sampling area. 

10. Explain how soil test results are used. 
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Land Judging 


A NFW type of contest, based on the axiom “experience is the !)cst 
teacher,” is reaching our youth how to save soil and improve our 
land. It offers young farmers a new appn^ach to sound land use and 
safe farming. 

The purpose of these “schtmls” is t«) teach young people how to 
make the best use of their soil, how to determine what tlie land is 
best suited for, and how to use management methods best suited to 
controlling erosion and improving the soil. 

PKUGRA.M FOR YUITNC PEOPLE 

The program Is aimed primarily at our young jwople, esjKciallv 
the 4-1 1 (^lub members. Future Fanners of America, and CA agricul- 
tural trainees. 1 lowever, many grou}is of adult fanners are getting 
much useful information from the caercises. These contests grew 
out of annual soil conservation schools for 4-H (^lub and Future 
Fanners of America. The schools were held at the Red Plains Con- 
servation Fx|.scriment Station, Cuthrie, Oklahoma, and were staned 
in 1941. 

At first, the meetings were called “field days" and were handled 
as schools. The “students" identified plants and studied soil profiles. 
These meetings soon showed a need for a more practical and effec- 
tive method of teaching good soil management. The results of these 
schools showed that this was an excellent way to stimulate interest 
in sound soil management. Members of winning teams were con- 
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sidered by other contestants as leaders in the field, |ust as winners in 
livestock and other judging contests are considered leaders in those 
fields 

Land judging is a new tool dc\ eloped to teach fundamentals of 
proper land use It is designed to gi\ c more people a better under- 
standing of the fundamentals of the land, and is rapidly becoming 
an outstanding teaching method because it enables the student to 



lipof 9-1 Studtnt\ ham ahuut soil in ,hi fiild 1 (last m ’ami pidg- 
nitf m Oklahoma <Okl.ihiuiii ^ & M ( ollcgc Photo) 


Icam b\ obsersing and e\imunng the soil IK then isscKiirrs his 
new know ledge w ith good soil in inagenient pru rices 
Land judging heljis develop in understmding of soil conservation 
The contests pomt out the difference in lind iml land needs for 
tomorrow 's fanners 1 he judging is done in much the same way as 
that of livestock In judging livestock for beef wt l(K>k for those 
characteristics that make for lots of licef dcjith of body, straight 




Figure 9-2. Oklahoma 
4-H Club girls show 
interest in land judg- 
ing too, (Oklahoma 
A. & M. College 
Photo) 


topline, smoothness, and other characteristics. In land judging we 
look for those characteristics that affect crop yield: soil texture, 
permeability, slope, amount of erosion, depth of topsoil, and so on. 
In both types of judging the characteristics present iTiu.st be recog- 
nized, and decisions must be made as to their effect on production. 

Land- judging contests are a tool that can be used to reach farmers 
and landowners to recognize the importance of their land. Develop- 
ing enthusiasm through the spirit of competition, it becomes a spark 
that helps light the fires of knowledge in the field of scientific fam- 
ing. Land judging literally helps the student to “learn by doing. 

Land judging has proved to be a truly great teaching aid for a 
subject that many young people find most difficult. Helping to 
point the way to intelligent soil and land management, land judging 
is fundamental to a sound, prosperous agriculture. 

OUR LANDXOSING PLANT NUTRIENTS 

Because of continuous cropping and erosion, our once fertile 
soils are rapidly losing plant nutrients and organic matter. As our 
soils deteriorate the need for fertilizer increases, which gives rise 
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to many new problems because water is often the factor bmiting 
crop production. Fertilizer responds m proportion to the amount of 
available water present, so this makes intelligent land use and good 
farming practices a must. That is hy the use of fertilizer and lime 
IS included in land-judging contests 
Fertilizer helps conserse soil and water bv producing more plant 
material Good farming, therefore, provides for the best and fullest 
productive capacit\ of the land Good use of the land is based on our 
understanding of the land- understanding of land capability and 
Nature’s methods of developing and maintaining soil, water, and 
plants The most effective and practical means consists of a combina- 
tion of a number of factors sound land use, water contiol, soil im- 
pro\ emtiit, crop selection, and iann inanagcinent These factors arc 
stress d in land judging contests and shovin liy the National Land 
lodging Score Card 


LAM) (IT1K.1NG U)\ri:STS 

Linil judging c ontests consist ot two pans Firt One lonsists of 
the land class jictors that detcnnmc the land capabtlity class Part 
I w o pros ides lor the selection ol piopi r land tre iiments and ranges 
Irom the se lection of \ egctatix e ind nuchanii al pi ac rices to addition 
of sutfic lent leriilizer and lime 

From a carctul analvsis of the soil profile and the necessary treat- 
ments, tlic student is able to am\e « proper methods of controlling 


Ii^urf9-3, 4 land (ont^s* .tfidiu.ay w Oklahoma tOkIah(»ni.i 

\ fcc M C ollegc Photo) 
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erosion and runoff I Ic can also iinpros e soil fertility by selecting the 
manj^emcnt practices necessary to maintain continued maximum 
crop production 

Four fields judged. Four fields (usually numbered 1, 2, 3, and 4) 
arc gcnenlly used in each contest, and each field represents a differ- 
ent land capability class Pits arc dug in each held so that the con- 
testants ean examine the soil A generous sample of Inirh surface and 
subsoil of each is then placed near the pit for closer observation 



9-1 Studints from thi / / I raimmr School w Oklahoma 

cloiitiymif land oh /mjm of uhI *ampk\ takin from \c„tial locations 
(Oklahoiiit \ 11. M College Photo) 


Field foicc. The field personnel consists of i contest chairman, 
a supers isor, ind i guide for e ich pit in the held 1 he chaiim in ex- 
pi iins the rules anel issues instructions concerning locations of the 
four fields, the su}ki visors give needed inform ition for each group 
V isiting the held, and the guide escorts the contestants from one field 
to the ne*xt (croups arc usuall> limited to tw enty -five or thirty con- 
testinrs 

Operation of contest. The contest is composed of competing in- 
dividuals and teams l^ch team consists of four members, with one 
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of the four an alternate. The three high scoring members constitute 
the team. 

The contestants are given land-judging score cards for each field. 
The cards are numbered for teams 1, 2, 3, and so on. The indindual 
members of teams are designated as lA, 1B, 1C, and ID. Teams 2, 3, 
and so on are assigned likewise. G)ntestant lA starts at Field 1, IB at 
Field 2, IC at Field 3, and ID at Field 4. 

In general. Part 1 of the score card is based on six easily identified 
soil factors. Part 2 is based on the selection of proper soil and crop 
management practices, which include selection of proper plant 
cover, mechanical treatments and fertilizer necessary for the differ- 
ent land classes. 

Land factors. If the land is or has been in cultivation, the original 
topsoil depth and other soil conditions are given each contestant as 
he visits the field. He then decides whether the soil Is deep, moder- 
ately deep, shallow, or very shallow. By feeling the soil in his hands 
he determines whether the te.Yture is coarse, medium, or fine. 

By handling the soil to see if it is crumbly, dense, loose, or right, 
the movement of air and water in the subsoil, or soil permeability, is 
determined. Tlie movement is then classified as rapid, moderate, 
slow, or very slow . 1'hen the topography of the land is oliscrved to 
decide whether it is nearly level, lc\cl, gently sloping, moderately 
sloping, steeply sloping, steep, or very^ steep. 

The contestant next examines the topsoil to see how much of it re- 
mains; on the basis of this, he dcrcnnincs the amount of soil removed 
by erosion. I le then classifies the erosion damage as very severe, se- 
vere, moderate, or slight. Finally, he checks the drainage to deter- 
mine w’hether it is poor, fair, good, or exccsisivc. 

When the above mentioned factor, have lieen rated, the contest- 
ant decides in which land-capability class the field belongs. 

Land-use treatments. After detennining the land-capability class, 
the contestant decides which practices arc needed for proper treat- 
ment. Sonic of the land will need lime or fertili/xr, .so a .sign showing 
the results of a previous soil test is set up in each field to enable con- 
testants to determine these requiremem s. 

A larg[e number of practices arc listed on the score card for use in 
selecting the vegetative, mechanical, and fertilizer treatments. Only 
part of the practices apply to any field. Each ptissihle treatment is 
numbered on the card, and the appropriate number is selected and 
placed in a square under Part 2 of the score card. (See Figure 9-5.) 




9 5 Naitoval I ami Jui1trini> ( onti\t Sion Caul (Oklihomi 
\giicultiiral 1 xtvnsion Stivict PlumO 


\\ hen the contesrmts hmsh judging j pimeulit held, their eirds 
art eolleetcd bv the guide and given to an individual w lio tikes them 
to headtjuarteis I he e tids lu then graded leeording to the ofheiai 
pi Kings of the judging eoTninittee 1 he stores are tibulited l)\ i 
grading eoini nil tee, w hieh is usu ill\ eoinposcd of thi eoiehes of the 
individuals ind re mis ind numbers of loeil agritulturil igtneies 
\ perfect seoie is 6i) points tor eieh held, 240 for the eonttsr 
W inning iiuiividiiils or teams ire those earning the highest number 
of points 


KANC.L Jl DC.ING 

I and judging principles ean be applied to grassland management 
as cfFeetiveh as to land that is devoted to cultivated crops Score 
cards have been designed for use on range or native pasture, and arc 
based on the same principles as the store cards used for rating w,ulti- 
\ ated cropland 

Judging of grassland begins with idennhcation of native range or 
pasture vegetation This is followed bv a stud) of range conditions. 
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range sires, degree of utilization, value of rai^ plants and their rela- 
tionship, mechanical practices, tame pastures, kind of plants to use. 
seedbed preparation, planting methods, fenilization, and manage- 
ment. 

Placing sheets. Placing sheets have been prepared for ( 1 ) Range 
Condition Qassification and Treatment, (2) Range Plant Identifica- 
tion and F.valuation, (3) Native Range Plant Identification, and (4) 
Pasture Judging. A site consisting of a circular area alwut 40 feet in 
diameter is used for judging grassland pastures. The object is to de- 
termine (1 ) the kind of grassland, (2) how hard it has lieen used, 
( 3) its condition, and (4) treatments needed to protect and improve 
the native grassland. 

In scoring this sheet, 30 points are allowed for correct ansM'ers un- 
der each of the three main divisions: (1) degree of utili/ation, (2) 
kind of site, and ( 3 ) range condition. 

Rangeland is divided into fi\ c clavscs on the basis of the degree of 
utilization: unused, light, projwr, severe, and destructive. I'ht site 
is divided into four classes: bottomland, ordinary upland, steep 
slopes and ridges (or shallow soils), and savannah. Range condition 
is divided into excellent, good, fair and ptMir. An additional 40 points 
are allosved for four practices, because each practice rates 10 jioints. 

I'he second phase of the contest is range plant identification and 
evaluation. 'Fhc site for this study may be any convenient place 
where native range plants are displayed. The plants arc dug up prior 
to making the .study, so that the contestants can identify the plant 
and desicribc its characteristics. Fiv'c points arc allowed for the cor- 
rect name of a plant and each ot its four most important character- 
istics. 

The third pha.se of the coiite.st is native range plant identiiication. 
laving plants, growing naturally in the gnmnd, arc used, and the 
object is to identify tw’cnty range plants. Each plant Is allowed 5 
points. 


PASTURE JUDGING 

Part 1 of the pasture- judging score card is similar to the land- 
judging card. Part 2 is used to determine the method of establishing 
and managing a tame pasture. 

Start with soil profile. The starting point in the study of land is to 
look at it on a profile basis in the field. Here the student can feel the 
soil in the several horizons and see what the plants look like that are 
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growing on ir. He can also examine the environment in which the 
land is located. 

In land judging, fanners and farmers-to-be are taken to the field 
and taught some of the fundamentals of soils in relation to their ca- 
pabilities. Land judging is a visual method of teaching to impart ideas 
upon which sound systems of soil management can be developed. 

MANY FACTORS AFFECT PRODUCTIVITY OF LAND 

Many factors enter into the productivity of a piece of land. Like- 
wise, many conditions dictate the management practices that should 
be employed on it. Certain level, well-drained lands are Class 1 lands, 
if the texture is loamy, if they have a reasonably high organic matter 
content, and if they have a well-defined and wcll-stabili/ed struc- 
ture. I lowevcr, they must be free of stone and other obstructions 
and located in a climatic environment with suitable rainfall, sun- 
shine, and temperature. 

Class 1 land is the easiest to manage. Mistakes made in management 
may not cause serious trouble unless repeated many times. Class I 
land can be planted to virtually any crop desired, with the assurance 
that it will produce g(M>d yields even under minimum manageotent 
experience. Rut, as the land deviates proportionately, in any respect, 
frt>m thc.se desirable characteristics it falls into a more troublesome 
class and requires better-than-average management practices. 

If it deviates enough in any one, or all, of these conditions it may 
be suitable only for hay or pasture. In this case, it can stand only a 
limited amount of cultivation, and on a carefully contmllcd basis at 
that. I'.vcn under these adverse conditions, however, it can often be 
profitably farmed, provided the right kinds of crops are chosen and 
the nght kinds of management are employed. 

GOAL OF LAND JUDGING 

The goal of land judging is to teach the student, both young and 
old, to recognize the factors inherent in soils that determine their 
capabilities and get them to understand how they operate. Students 
are taught to recognize where and how far the conditions at hand 
deviate from the ideal. They are taught also what effect these devia- 
tions have on soil management and croppii^ practices, and learn that 
management practices and crop selection must be adjusted to the 
various classes of land for economic returns. This is true not only for 
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the current year but also for over the period of a lifetime, and 
longer. In short, the soil must be so managed by methods adapted to 
the land that it will not only be kept intact, but also its productivity 
will be increased. 

Practice in land judging soon leads to the realization that not only 
can poor land be made more productive, but also that the best land 
can be made better. 


Exercisf 

1. Select four locations on your farm that differ materially in land 
characteristics. Unless there is a gully bank, road cur, or ditch running 
through them, dig a hole about four feet deep in the ground in each 
location. (This is done to expose the soil prolile.) Examine the soil 
carefully, in the different soil horizons on the four locations, for the 
following characteristics: 

a. Rub some soil between your thumb and finger to determine 
texture. Is it coarse, medium or fine? 

b. pAaminc the soil carefully for penneability— movement of 
water and air. Is it very slow , slow , moderate, or rapia? 

c. Measure the depth of the topsoil. The topsoO is the surface soil 
and is usually dark in color. Is it deep, moderately deep, shallow, or 
verv shallow’? Make similar measurcmencs of the subsoil. 

d. Determine the slope of the land. Is it nearly level, gently slop- 
ing, moderately sloping, strongly sloping, steep, olr very steep? 

c. Determine how much ot the topsoil remains, so that you can 
tell how much of it has been removed by erosion. Is erosion none 
to slight, moderate, severe, or very severe? 

f. Check the drainage. Is it poor, fair, gr>od. or excessive? 

g. Now' determine the land capability ckass of each location. Use 
a score card for this entire operation. 

Qlisiio'^s 

1. What is land judging? What is its main purpose? 

2. Who is the program aimed at? How did the program originate? 

3. How is land judging taught? How does it help understand soil? 

4. What are the main points emphasized in land judging? 

5. Explain how* land-judging contests are conducted. 

6. What are the chief land factors studied in land judging? How docs 
each affect soil productivity? 

7. What is the goal of land judging? 

8. Why is it necessary to start with soil profile? 

9. How does the land-capability class determine treatment measures 
to be used? 
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In building soil. Nature docs two things at the same time: She holds 
the soil where it is formed, and she builds the soil deeper. The first of 
these vve call “holding” action; the .second, “developing.” Plant 
cover is used to accomplish both. 

To a,ssure succc.ss in both operations. Nature created a vast num- 
ber of kinds and types of plants-so va.st that there is a plant siutcd 
for nearly every conceivable .set of conditions. Nature develo[)s in 
order the most suitable plants for each combination of soil and cli- 
matic cfinditioris. 

'I'liroughout the soil-building process, the ground surface is 
covered with a blanker of plant growth, which holds the soil in 
place. 'I'he lowest forms of plants, such as lichens, are usually used to 
start the soil-building proce,s.s. Lichens arc especially suited for the 
job, because they arc flat, rootless plants; they can grow in places 
where no higher forms \\ill grow; they thrive anywhere, except in 
areas of perpetual snow; and they can live on naked rock. Lichens 
arc usually the first living things to appear on barren ground, and. as 
they grow and reproduce, they develop conditions .suitable for 
higlicr forms of plants. 

I'hc lichen s ability to live on rock is due to its particular nature. 
In reality, lichens arc two plants but act as one. Each is a separate 
plant, in chat one is an alga, the other a fungus. Each is unlike the 
other, but neither can survive without the other. The fungus pro- 
duces acids that dissolve the rock, which supplies needed plant food 
to the alga. The alga uses this plant food in its grow th to produce or- 
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Itffurf 101 [ oimtwn of n\i Uml yjil w \tatt patk near Otta^L^a, lilt- 
uois Cnihhittom oj luLraoth iruruUtfi on wlui tock havi gradually 
lvoi{rht ahofft 1^( ompoution oj tin swjaiL poniom of the unk Fhi 
atUiitiou oj o i^inu math) w fh fnm of ditayimr tiwvm of liver 
1 o}t\ has caihul tk foimatum of Wont oiu half inch of soil Pulwj( 
hi k th luii'uoiti jiomth loik mifan picks tip tin soil (Soil Con 
sen uionSt ivitc Phoio) 


(Time mitre r without which the fungus wouki die I his organic 
iinm r ilso heeoiiies nii\cd w ith the dee n irg loek to form soil 

()\er the loek surfiet lichens form i proreetne eosering that 
e Itches dust It ilso holds rlu ^oil in pi ice is it disclops from the 
siirfu e dow iivv ird 1 \ emu ills enough soil is dt\ eloped on the roek 
siirtiet to support higher forms of plint life ^s this condition ap- 
pro iches, lichens in graduills leplieed hv the next higher foim of 
plant life Further impnntment is tollowed 1)\ the m\ ision of still 
higher plint forms Fiinlh , the highest foim o! [)1 int life the soil and 
dim ue will support tikes o\ er 

7 hroughout the soil-building }>ioccss the re is e ncuigh plant cover 
to protect the ground from w iter and wind \\ hen min removes or 
reduces this eoc er, there is nor enough to protect the surface, and the 
soil erodes and deteriorates The succession of plant life active in 
building the soil is upset As soil conditions grow worse, lower forms 
of plant life invade the area I hat is whv, for example, we have 
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weeds in cultivated fields— plowing the soil throws the plant succes- 
aon back to the weed stage. 

The holding action of plant cover on the soil was not rec<^[nized 
for a long time. It was not known to exist until Nature’s balance be- 
tween soil-building and soil-destroying forces was upset by re- 
moval of plant cover. Removal of native plant cover exposed bare 
soil to the full force of water and wind, and the damage that fol- 
lowed stopped the soil-building process. The trend was changed to 
one of soil destruction. Kven now, few realize that the holding ac- 
tion is necessary for st>il and water conservation and, in turn, soil 
improvement. 


PLANT COVER ABSORBS ENERGY 
OF FALLING RAINDROPS 

For hundreds of years, it was thought that the main thing plant 
cover did in controlling erosion was tf) slow down water flowing 
over the ground surface. VVe know noM' that is only of minor iinjwr- 
tance. The main way that plant cover, outside of channels, prevents 
water erosion is by catching the falling raindrops before they strike 
bare ground. It acts like a cushion or shock absorber, by catching the 
falling raindro}>s and removing their energy or pttwer. 

Raindro[)s broken up by plant cover and cased to the ground as 
clear water cause no damage. They neither destroy soil aggregates 
nor seal the surface, and their water is absorbed freely by the soil. 
Soil (^>nservation Service workers showed the main function of 
plant cover was in de- energizing falling raindro)>s rather than slow- 
ing dowm flowing surface water. This was proved by making artifi- 
cial rain. 

At Oishocron, Ohio, artificial rain was applied to three series of 
plots at the rate of tvt o and a quarter inches per hour. After plowing, 
the plots were left bare and exposed to the action of nattiral rain for 
some weeks. (During this period the surface soil became crusted and 
scaled.) 'I'wo of these scries of f>lots were then covered with straw, 
which was used at the rate of two tons per acre. 

In one scries, the straw was placed directly on the ground. In an- 
other, it was supported 1 inch above the surface of the ground on 
chicken wire, llie third series was left bare. Artificial rain was then 
applied at the rate of two and a quarter inches per hour for a 
rwenty-minute period. They found that 92.7 per cent of the water 
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applied ran ofF the bare plot. RunofF on the plot Mrith the straw 
placed on the ground was 65 per cent. Where the straw was sup- 
ported one inch above the ground the runofF loss was 83.2 per cent. 

The corresponding soil Tosses for the three plots were 5.62 tons 
per acre for bare ground, 0.42 ton for the first mulched plot, and 
0.26 ton where the straw was supported one inch above ground. 

The mulch was not very effective in controlling runoff, when ap- 
plied after the surface of the ground had been sealed by raindrop im- 
pact It did reduce the rate of soil loss substantially, though. Had sur- 
face flow been the chief factor in bringing about erosion, the second 
straw plot .should have lost much more soil than the first. However, 
there was little difference in soil loss from the two straw-covered 
plots. 

Further light was shed on this (Hunt by use of two additional series 
of plots. In this case, the surface mmI wa.s broken to a depth of almut 
one inch and covered with straw immediately. Straw was applied at 
the rate of 2 tons per acre. In one scries, the straw w'as placed di- 
rectly on the surface of the ground. In the other, it was supported 
one inch above the surface on chicken w ire. Water was applied at 
the rate of two and a quancr inches jter hour for twenty minutes. 

The mulch in this instance alnu»st completely eliminated both 
runoff and crositm. The plot with the straw placed on the ground 
surface lost 1.7 per cent of the water applied and 0.1 ton of soil per 
acre. The other plot lost 1.2 per cent of the water and 0.12 ton of 
soil. 

These studies show' that the chief function of the straw w'as en- 
ergy jl>sorption. It had protected the ground from the impact of 
falling water dro|is, and dam.igc' from overland flow w'as iasignifi- 
cant. 


TYPE OF PLANT COVER IMPORTANT 

Plant cover controls splash erosion by catching the falling raun- 
drops and absorbing their energy, which Is bke raking the powrder 
from a shotgun shell before trying to fire it -it wouldn’t have power 
enough to push the shot out of the gun. Hie caught raindrop doesn’t 
have the power to blast the soil- it can’t erode soil. 

F.fFectiveness of plant cover in prev enting erosion depends on the 
amount present and how well it is scattered over the surface of the 
ground. Both weight, in terms of pounds per acre (dry weight), and 
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coverage, in terms of percentage of the ground surface covered, are 
important. 

Weight determines the amount of cover a\aiiable to absorb the 
energy ot the falling raindrops, or, how much of a cushion there is to 
absorb tins force. The evenness of distribution over the surface of the 
ground determines how much of the ground surface is actully pro- 
tected. 

The type of crop is also important. Low, thick-growing plants 
like most grasses and many closers are more effective than taller 
growing crops like wheat and oats In turn, w'heat and oats are 
more effective than tall-growing crops like cotton and corn. 

Cjrasscs and clovers generally completely cover the ground and 
don’t leave any of it exposed to tailing raindrops Such crops as 
wheat and oats elo nc»t make as thic'k a growth, so they allow some 
raindrops to get through I licsc strike the ground directlv 

(hoarse, fall-growing crops like corn and cotton arc spae'cd far 
apart and allow manv raindrops to get thioiigh \nd, too, the water 
from the drops thev catch on their leaves fonns larger drops, which 
tall to the ground from the tips of the leaves Fhes'e large drops may 
actually do more damage than the raindrops that the cover caught, 
liceaiisc thev are larger and hav e more w eight W hen they strikt^ the 
ground the V splash moie soil 

\s crops get exiarser and taller, lai ger amounts of ciop material are 
needed tor eom|)lete protection Beciuse the plants glow up into the 
air, thev do not spread sidcv\ise over the ground or catch as manj 
raindiops as low grow mg plants that cover the ground better 

W ith low, close -glowing e'lops, suc'h as most gras^cs and clovers, 
2,()()() to ?,()()() pounds per acre mav be enough I or crops like vv heat 
and oats, ?,()()0 to 4,000 pounds mav be needed Still larger amounts 
are needed for c'oaisc, tall-grow mg ciops like cotton and corn. 

\ll plants hav e ecjual v aliu* in prev enting erosion as long as there is 
no more than 1 ,000 pouneis pc r acre I his is because the tall-grow ing 
plants vre small and their tops au close to the* ground \s the amount 
of cover increases bevond 1,000 pounds per acre the difference in 
V alue of types ot plants show s up This difference becomes greater as 
tlie plants grow older and taller 

IMP<)RT\NCE OF CLOSE-GROWING CROPS 

The effectiveness of any cropping s)^tcm in reducing soil and 
water lossc's depends largely upon the proportion of close-growing 
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vegetation used, and the length of time and season of the year when* 
it occupies the land. Crops that provide protective cover during the 
months of erosion-producing raias are especially valuable for con- 
serving soil and water, s/ 

Land in Georgia, planted continuously to cotton, lost an average 
of 24.95 tons of soil per acre annually during an eight-year period. 
Using a tw'o-year rotation cur this loss to 15. .19 tons. I'he rotation. 



Figure JO-2. Fffcct of croppufg practices on erosion of Shclhy silt 
looTM hi .Miswtiri. i 


consisted of corn-crotalariii and cotton-vetch. A thrcc-yciir rotation 
of oats-lespede/.a, Icspedeza, and cotton reduced erosion to 3.38 ton^ 
per acre annually. Of the 10.1 5 tons of soil lost per acre, during the*^ 
three years of the crop rotation, 7.08 tt)ns were lost during the year 
the land was cropped to cotton. Only n.25 ton was lost w'hen the 

land was in les|)cdc/a. ( ^ 

From April to Sepremlicr, unnuilchcd land in Georgia lost 1 2.57 
tons of soil per acre, and mulched land li»st only 0.2 ton. UnmulchecK 
lost 32,75 per cent of tlie rain as runoff, and the mulched land lost 
only 1 .43 per cent. Disk-harrowed land planted to Kobe Icspedeza^^ 
and mulched with straw, lost 1.2 per cent of the rain as runoff, as 
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well as 0.24 ton of soil. A similar plot unmulched, lost 24.2 per cent 
of the rain as runoff and 12.62 tons of soil per acre. 

A continuous cotton plot in Mississippi lost 58 per cent of the 
rainfall as runoff. The study covered a two-year period. There was a 
total rainfall of 1 30.7 inches. As much as 96 per cent of the water ran 
off during some rains. Soil loss on this plot exceeded 195 tons per 
acre for the two-year period. The runoff from bcoomsedge in an old 
field was only slightly more than 1 per cent of the rainfall. It was 
even less from an oak forest. Runoff from these two classes of cover 
during individual .stonns did nor exceed 5.05 and 3.10 per cent of 
rainfall, respectively. l‘.rosion v^as almr>st negligible on lM>th. Culti- 
vated land lost 4,300 times as much .soil per acre as the forested plot. 

CUN.SEKVATION OF PLANT NUTRIENTS 
BY PL4NT CX>VER 

Total amount of soil l<»st by erosion tells only part of the story. 
Soil cro.sion has been shown to l>e a selective process that is, it de- 
cides what part of the soil it will fake first. (This Is jiust the same pro- 
cedure you empkiy when you go to the dinner table: You select 
u h.'U you wish to cat first.) As a result of this selection, soil removed 
by erosion usually contains higher ainoiinrs of organic matrerTsilt, 
and clay than <tf coarser materials. K.\cept in extreme cases, the ma- 
terial rcnuivcd by erosion contains much larger amounts of plant 
f(Kid than the soil from which it came or the soil that is left. 

Ivxaininations made in \\'lsconsin recently showed the concentra- 
tion of nitrogen to be higher in the entded soil material in each in- 
.stance than in the parent soil. It was several hundred [>cr cent higher 
in many iasrances. Losses of .s<iil and plant nutrients were closels re- 
lated to the amount of plant cover. 

The selectivity of the erosion process is also well illustrated by the 
rc.sulrs of a single stonn in Idaho. ITie surface soil lost 6 per cent of 
its silt, 7 per cent of its clay, 20 per cent of its organic matter, and 20 
per cent of its nitrogen, 'fbe surface .soil contained 3.05 per cent of 
organic matter before, and 2.44 jier cent after, the hard rain. The 
eroded material contained 5.3^ percent. 

CONSERVATION OF ORGANIC MATTER 
BY PLiNT COVER 

Krosion quickly removes organic matrer from the soil. TTiis is par- 
ticularly true where there is nor enough plant cover to protect the 
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soil from the impact of raindrops. Without the protection of plant 
cover, it is difficult even to maintain the oi^nic-matter content of 
the soil. It is needless to tiy to build it up. 

This received positive proof from studies conducted on Shelby 
silt loam in Missouri during a seven-year period. Soil and organic- 
matter losses through erosion were found to be in reverse order to 
the amount of plant cot'er. For example, the organic-matter content 
of soil kept in fallow declined from 3.76 to 2.49 per cent during the 
seven-year period. Bur, throughout the same period it incrca.sed 
from 3.65 to 3.91 per cent in land kept in sf)d. The organic-matter 
content of soil planted to continuous corn declined from 3.31 to 2.64 
per cent. Land planted to a three-year crop rotation of com. wheat, 
and clover showed a decline of from 3.52 to 3.42 per cent. Without 
the protection of plant co\er, it is ini}K>s.sib]e to keep the organic 
matter from being lust. 

INFILTRATION INCREA.SED BY PL\NT COVER 

The sharp impact of raindrops, as they strike bare earth during 
heavy rains, shatters the clods and soil crumbs and breaks down .soil 
structure. The heating, churning action of these dro|)S compacts the 
fine soil particles into a nearly iiii{H:r\ lous layei of surface mud. This 
we call “puddle ertision.” 

The compacteil surface layer becomes denser and more nearly 
impervious as it strains colloids and other particles from the turbid 
rainwater that filters down from the surface. This layer is the mtist 
important factor affecting the intake of water by the soil. It de- 
creases infiltration, incrca.ses runoff and vmI loss, and paves the way 
for gully fomiation. 

Puddle erosion can be prevented 1 he solution is to keep enough 
plant cover on the surface to protect the soil. This cover may be 
composed of growing plants or plant residues, or both. It is ex- 
tremely important to have enough cover, well distributed over the 
surface. This will keep the beating raindnips from breaking down 
soil structure and prevent puddle erosion. 

The Missouri studies indicate plant cover is an important factor in 
maintainii^ favorable moisture conditions in the subsoil. Beneficial 
effects of sods turned under have usually been credited to an im- 
proved supply of nitrogen. The important factor seems to be the 
accumulated moisture in the subsoil. Grass crops absorbed 87.4 per 
cent of the rainfall; a three-year rotation with one year of sod ab- 
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sorbed 85.5 per cent; and land continuoasly in corn absorbed only 
69.6 per cent. These are averages for a fourteen-year period. 

This was the equivalent of an increase in rainfall of 7.2 inches for 
land in grass. Ir was 6.4 inches for land in the rhree-year rotation— 
that is, land in grass absorbed 7.2 inches more water annually than 
land in corn. Land in the three-year rotation absorbed 6.4 inches 
more. This water would have gone a long way towards producing a 
corn cro;>, especially since two-thirds of the rain came during six 
nionrhs of the growing season- or the period when differences in 
rainfall mean differences in yields. 

Much of the extra u atcr moves licyond the root /one of the grass, 
and is stored out of reach of the grass. 'Vims, the soil layer— such as 
the 24- to 36-inch la\ er- beneath the grass roots contains more 
water than the same layer under cultivated soil. Moisture in two 
similar soils, not far from those cited abo\e, arc interesting from this 
standpoint. 'Lhis is true for a three-year period, which was a period 
of deficient rainfall, lalilc 3 gives the moLsturc content, as the per- 
centage of m<»isturc in the successhe one-foot layers, to a depth of 
three feet. 


T\ni r 1 

Moisur( C'umi-m \i Su(issi\t IHhiiis Undir Sod U\*i>ir 
< *l I ll\ Mill Still I\ AllSSill KI 
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IpiT cniU 
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f prr wnt) 

27 l« 

25 

29 90 

.’461 

26 11 
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HO 

U 70 


10 bO 

<2.W) 

24.80 

26.10 

27.80 

28.20 

28.90 

2K U) 

25.00 

27(H) 

26.H0 

2H.5(} 

2^.10 

2^M) 

19.80 

12.90 

28 10 

1000 

28.60 

U) 70 

25.40 


'Fhc 24- to 16-inch layer \v.is much drier in the cultivared soil. 
(^)nsidcral)lc rune al\\ays elapsed after rain before rhis layer re- 
gained moisture; consequently, total water content of this layer in 
cultivated .soil ne\ er e(]ualcd that in the 24- to 36-inch soil depth un- 
der sod. The 0-12 inch layer under sod had a moLsture content lower 
than that under cultivation during one month. Otherwise, the mois- 
ture in the 12- to 24-inch and 24- to 36-inch layers was always 
greater under .sod. 

The greatest differences were at the 24- to 36-inch depth, which 
means that, on the average, the 24- to 36-inch layer under sod stores 
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annually the equivalent of a 1.2 inch rain. This may be available to 
the sod crop or to deeper roots of the following crop in the drier 
summer season. 

Surface mulching in Pennsylvania resulted in maintaining an opti- 
mum soil-moisture content, even during the driest part of the grow- 
ing season. Three and four years of mulching with manure, straw, 
sawdust, corn stover, oak leaves, or pine needles resulted in complete 
control of surface runoff. Soil under mulches had an infiltration ca- 
pacity of 3 inches or more per hour. The chief value of mulch in 
controlling runoff and erosion \\ as in its protective effect. 

PLANT COVER INCREASED BY FERTILIZER 

Adding fertilizer to the soil aids in reducing erosion losses because 
it produces more plant cover. The fertilizer stimulates early growth 
and hastens the date when the cover becomes effective. Fertilizer 
abo increases the amount and density of cover by increasing total 
plant growth. Besides helping control eriision thiough the produc- 
tion of more vegetation, the use of fertili/er results in higher yields. 

'1 wo plots in Wisconsin were planted to a three -year crop rota- 
tion of corn, oars (these were fertilized in one plot), and hay. I he 
ai'cragc annual per-acre soil loss over a five-year period uas 47.21 
tons where no fertilizer u as used, but it was only 1 3.11 tons per acre 
on the fertilized plot. Fertilizer reduced erosion better than 34 tons 
per acre annually. 

In New York, use of 200 {)ounds of 5-10-3 fertilizer per acre an- 
nually on land planted continuously to ccirn reduced the loss of water 
by one-third and the loss of soil by tuo-fifths. Th^ w as the average 
of a nine-year period. Unfertilized corn land lost 9.5 per cent of the 
rainfall as runoff, and also 5,934 (MHinds of .soil p< r acre annually. 
Fertilized land lost 6.4 per cent of the rainfall as runoff, and also 
3,552 pounds of soil per acre. 

Unfertilized Shelby silt loam in Missouri, planted to a three-year 
crop rotation of corn, wheat, and hay, lost an a\ erage of 8.81 ttms of 
soil per acre annually during a se\ 'Mi-year period. Nearby land 
planted to the same rotation and fenilized lost 3.69 tons. Soil loss 
from land in wheat w'as reduced by one-half, and the loss from oats 
was reduced more than one-half. TTiese reductions in loss of soil by 
erosion resulted from the increased cover obtained by the use of 200 
pounds of fertilizer per acre. In addition, the fertilizer increased the 
wheat yield 91 per cent and the oat yield 77 per cent. 
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DIFFERENCE BETWEEN SOIL-DEPLETING 
AND SOIL-IMPROVING CROPS 
DUE TO PLANT COVER 

Much has been said in recent years about soil-depleting and soil- 
conserving crops. Actually, the difference between the two kinds of 
crops is one of plant cover on the land. The soil-depleting crops do 
not provide enough cover, and they take less organic matter and 
minerals from the soil than the soil-conserving crops do. Cultivation 
and the habit of growth of the .soil-depleting plants permit erosion; 
as a result, the total loss of nutrients from the soil is high. 

Soil-conserving plants, on the other hand;- provide good plant 
cover once they are established. Although these plants take more 
nutrients from the soil, they prevent losses through erosion and add 
organic matter to improve the soil’s fertility. The comparative 
amounts of plant nutrients removed by crops in a five-year and 
three-year rotation, respectively, arc show'n in Tables 2 and 3. 

TABLF. 2 

Avkra<;k Pounds per Acre of Pi.ant Ni’trients Rkmovyuo Annually 
BY Tiie Grain of 0)rn and Oat (^rops and Alkalfa>Brome 1[av 
IN \ Five-Year Rotation ofCxirn, Oais, Hay, During a Four- Year Her^ 


Crop Calcium Phosphorus Nitrogen Potassium 

(iNiunds) (pounda) (pounds) (pounds) 

Corn 0.35 9 46 52.55 10.86 

Oats 2.01 7.36 42.82 8.92 

Hay 42.90 13.52 109.31 103.43 


TABLF 3 

Average Pounds per .Acre of Plant NuTRiENr,s Removed 
BY rill'. Grain oi< Corn and Oats and by Hay 
IN a Three-Year Rotation of Corn, Oats, and Hay 


Crop Calchmt Phosphorus Nitrogen Potassium 

(pounds) (pounds) (pounds) (pounds) 

C«>m 0.31 8.40 46.67 9.64 

Oats 1.68 6.15 35.81 7.46 

Hay 32.85 7.55 65.27 65.27 


As previously stated, soil at Guthrie, Oklahoma, with a sod cover 
of Bermuda grass accumulated organic matter at the rate of 1,700 
pounds per acre annually. In contrast, plots planted continuously to 
cotton during the same period lost the equivalent of all the organic 
matter returned as crop residues. In addition, they lost 1,860 of the 
original organic matter reserve each year. Table 4 gives the average 
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pounds of plant nutrients lost by erosion annually during a two-year 
period in Missouri. 


lABU 4 

A\»RA(ti Poi vns oi Pi am Vi irh nts in i rcwed Maffrial 
Ri>mo\i>d pi r Acrt Asm ai i \ Di rini. T\io-YtAR Pi>riod 
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(pounds) 
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(pounds) 
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Ccintinuous bluegrass 
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2 6- 

0 22 

i.o-» 


uheat clo\cr 

26 16 

6 20 

21186 

20 18 

86 08 

lo-J 

Continucius uheat 

12 19 

942 

264 00 

42 67 

106 21 

8 55 

Omnnuous corn 

6f 90 

1800 

m 10 

S*' 29 

220 84 

1666 

Fallow 

118 n 

r-5 

i,:4« ss 

ri94 

45811 

46.72 


One of rhc most important benefits of plant cover is the preserva- 
tion of this organic matter. It >%as gcncrall) believed that oxidation 
was responsible for the major losses of soil orcranic matter, but it is 
now known that soil eiosion en]Ovs this distinction. Investigations in 
Missouri and Iowa showed the loss of soil organic matter by erosion 
to be tw ent v-fiv e rimes as great as that bv oxidation. Organic matter 
IS the source of the soil’s nitrogen, thus the loss of nitrogen in the 
organic matter icinovcd by erosion is a controlling factor m crop 
yields 

This w’as illustrated by results from CJannda, Iowa. In 1952, ni- 
trogen was added at the rate of I HO pounds pci acre to corn plots 
These plots have grown corn continuously for rhc past twenty 
veais, and the additional nitrogen eliminated the trouble that caused 
low' yields. 

Since 1932, corn has bten grown continuously on one senes of 
plots at (.larinda. It has also been gn v\n in a three-year i oration of 
corn, oats, and meadow on another pitit T he corn in each senes re- 
ceived the same fertili/cr treatment until 1952. I he fertili7cr treat- 
ment was the same again in 1952, except that the continuous corn 
plots received 180 pounds of nitrogen per acre, which the rotation 
pl(»ts did not get. The yields in 1952 were 1(#3 bushels per acre on 
the continuous corn plots and 98 4 on *bc rotation plots. 

These results show the effect ol erosion on corn yields, as well as 
the effect of preventing erosion so that com or other soil-dcpleting 
crops can be grown successfully year alter year. Fnough plant food 
and plant cover holds the key to this pn^ram. The heavy stalk pro- 
duction accompanying high com yields should provide enough 
cover if properly utilized. Elimination of fertility losses by erosion 
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will plug the greatest drain on plant nutrients and will make soil 
building a relatively simple problem, either with or without crop ro- 
tation. 

The average annual yields of com in bushels per acre by five-year 
periods and for for both scries of plots at Clannda arc given in 
Table 

lABII- J 

I iir ^vi R^f I \n N v \i \ II I u ot Cohn 
IN Bi sinis PiR A(ri uv I ni'-Vi AR Pfrhmis, ior 

»OR (/IIRN CiRimN CoSIIMOlMV, AND IN A I IIRI (-S I VR RulAIION, InUUUVR 

Lroppwn 4iu.tai(t Annual} tela tn Uitshib per Acre 

(ontmvous com 2i<t 12 5 21V TK lUlO 

Rmitiim 25 8 5’0 '2 0 81V V84 

*inLluilt> the. clioughr )L-irs 1*>14 mil ivi/i uhtn the mip vit i fiilun 

Beginning ivith the second fivc-\ lar period, the yield on the con- 
tinuous com plots declined from bushels per acre to 1 7 8 for the 
fourth five-) car (Kriod During this nine the vie Id on the rotation 
plots increased from bushels per acre for the second fiv e-\ car pe- 
riod to 8? 9 lor the fourth Ihi ditrerenee bctvie'tn the yields of 
these tw o plots, w Inch bet ime grt ater \v ith time, \v as 1 9 busheTs for 
the first five-) cat period, 2 1 ^ for the second, 18 1 tor the third, and 
66. 1 for the fourth 

I \cept loi nitrogen, the iigurts presented in I able 2 do not show 
torn to be soil de*}>letmg in compaiison \\ ith ha\ 1 he h tv crop con- 
tained alfalfa, it is presumed, there foie, that rhe nitiogen removed in 
the hai vested hav vv isappioxinutelv equal to the .unounr taken from 
the air liv the crop 1 bus, the originil supply of nitrogen in the soil 
vv .IS not changed 1 low ev ei , the nitrogen remov ed bv rhe e oi n crop 
was a net loss to the soil’s supply 

Similar figures are giv cn in 1 able 1 fen the erojrs grow n in a three- 
ye.tr crop rotation 


FxtBelSIS 

1. Find an area in a pasture, meadow, or along some stream channel 
where the productivit) ot the soil varies widely. An abandonded field 
sometimes pntvcs an evccllenr plaere for this stud). Nonce the change 
in the plants making up rhe ground cover at vanous locanons. See if 
you can find any bare spots. If broomsedge or poverty grass appears, 
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examine the soil carefully to see how the topsoil has been removed by 
erosion. Also examine the soil for aggregates or tilth Notice that 
some form of plant cover is usually found on all sites regardless of the 
state of productivity of the soil This is Nature's si ay of building and 
holding soil 

2. Select a sodded area on a gentle slope Stake out two small plots 
equal in area and rtnio\e the plant cover from one plot Observe what 
happens to the soil on this bared spot the first time it rains Coinpare 
with the adjoining area where the plant cover was not disturbed What 
differences do you notice^ Also watch how soon new plants appear 
on this spot This is Natures way of protecting the soil from wind 
and water and of restoring the soil-buiIding process 

3. Remove the litter from a small area on a forest floor keep clean 
of falling litter for three or four months during the season of heavy 
rains What difference do voii notice in the amount of erosion on this 
cleaicd spot and the adjoining areas where the litter was undisturtied^ 
I low do sou account for the erosion on this cleared spot, since the 
foliage IS still on the trees^ 

4. Why does it require a greater total weight of plant niitttr to 
control erosion with tall-growing crops, such as com, cotton, and 
grain-piodiicing sorghums than with close-growing crops, such as 
grasses and most clovers^ lo test this, take two plots, equal in area, 
ot bare ground side by side Weigh the cquiv ilcnr of l.sOO pounds pei 
acit of straw or luv of some kind and of torn stalks, cotton stalks, or 
some othei tall giowing crop Scatter the icsiduc of me close growing 
crop on one plot and that of the tall-gn>wing crop on the other v)b 
serve the difference in the amount of tnision thit occurs on these two 
plots after the hrsrhaidrain Wh> this difftrcnci^ 

5. Clean cultivated row crops, such is cotton com and the gum 
sorghums, ait rcfeircd to a* soil depleting crops likewise close 
growing crops, such as grasses and most clovers, aic rcfcritd to is soil- 
improving crops Do these ttnns indicate the real nature of these 
crops? Whit arc the chief difference between these two groups of 
crops, insofai as ciosion and soil inipiov*.mcnt aic loni eintd 

Ql IS HONS 

1. What arc the two main functions of plinth in building soil? How 
do plints peiform these tisks" 

2 flow do wc upset Narines pi ogi an when wi put land in cultiva- 
tion? How does this affect soil building? 

3. What simple experiment showed that interception of raindrops wa* 
the main way plant covci prevented ciosion^ How did this same 
experiment show that flowing surface water was not the chief 
cause of soil erosion? 
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4 . Are all crops equally effective in controlling raindrop splash? What 
simple test will show the effectiveness of different crops in inter- 
cepting raindrops? 

5. How much cover per acre is needed with each of the three groups 
of crops' Why this difference? Why do all crops have about the 
same effectiveness up to 1,000 pounds per acre? 

6. Why are close-growing crops more effective than others in con- 
trolling erosion? 

7. What becomes of most of the organic matter and plant food re- 
moved from our soil? What can we do about diis? 

8. How does plant cover affect the amount of water that gets into 
the soil during rams? 1 low does this affect the amount of w ater avail- 
able for growing plants? 

9. How does the use of fertilizer reduce the rate of erosion’ How 
docs erosion affect the efficiency of fertilizer’ How is this ac- 
complished? 

10. What is the main benefit of crop rotations in a soil impruvetnenr 
program? 1 low does this compare with our pres'ious thinking? 
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Interrelationship of Land, 
Plants, and Animals 


1 III interdependence of pUnts .tnd soils w as discussed in the pre- 
ceding chapter. Now wc add animals to make this a threesome. VVe 
cannot pro|icrly manage our land or plants without giving attention 
to the e«]uaiiy important part played by animals 

If wc examine these rclationshi(>s, w c can see the interdependence 
of land, plants, and animals. Land furnishes f(H>d in the fonii of min- 
eral elements for plants, bur it also provides a growth medium— a 
place for plant nnits to take hold. Plants, however, are equally im- 
portant to the land, because they protect and aid in building soil. 

A good plant cover completely protects .soil from the erosive 
forces of w'ind and w'ater. Decaying plants protluce organic matter 
to increase the soil’s ability to al)S(«rb w'arcr llic same organic 
matter increases the fertility of the land and further improves the 
soil’s ability to grow plants. 

In a somewhat different way, land pros ides a place for animak 
to “take root.” This is shown when they use the land ftir their bor- 
rows. Animals, in turn, exert an influence on the land. Witness the 
soil mixing and aeration accomplished by earthworms and burrow- 
ing animals. They also increase the organic matter and consequent 
fertility of the soil, by the decay of myriads of animal bodies-from 
the tiniest insects to the largest mammals. 

The greatest contribution of land to animals, however, is indirect. 
It is through the plants, grown on the land, which furnish food and 

HI* 
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cover for animals. W'lrhour plants, animals could nor exist. But many 
plants uould disappear were it not for animals. The pollination by 
insects and the seed distrihuticm by many birds and mammals are 
examples This relationship is being encouraged when a living fence 
IS planted between cropland and pasture to provide a home for 
bumblebees, solitary bees, and other insects useful in pollinating red 
clover, sweetchner, alfalfa, and other legumes. 

NATURE’S BALANCE 

Plant and animal populations advance to a state of give-and-take 
adjustment referred to as Nature’s balance. It is a dynamic balance, 
how ever, in that it is constantly changing as the products e capacity 
of the soil IS altered Soil is altered hy the interaction of plants and 
animals, including man, li\ ing on it. 

I'his “balance of Nature” is not confined to wild plants and w ild 
animals \ system of fanning that supports a family at a suitalilc 
standard of living without damaging the soil is in balance It is as 
much in balance as arc the plants and animals of a virgin toiest On 


Hgtae Jl-L Stnamlhutk plantw^^ (ontrnl troiton, mipwn* \Later 
condtttom foi fish, ami pKwnle food ami cover jot birds ami other 
anmtals FKm \tnanihauk plantings 'uac photo^aphed in Vcrmoin, 
(S<hI ConseivatiotiSen ice Photo) 
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the other hand, a system of fanning that damages the soil is out of 
balance. A farm plagued with insects, weeds, and crop diseases is 
“out of balance with Nature.” 

Adjustments to making proper use of the land can do much to 
make a farm biologically (living things) balanced. For example, 
gra7ing woodlands upset the biological balance. C! razing wood- 
lands in northwestern Ohio reduced insect-eating shrews to less than 
half the number in ungra/xd and protected woods. Shrews arc small, 
short-tailed, inolc-like animals that maintain numerous path-like 
runways in the loose, upper layer of forest soil. These runways, 
which are used by the shrcA\ s in their search for food, help to aerate 
and incorporate organic matter into the soil. The runways also serve 
as reservoirs for water. I leavy grazing destroys these runways, be- 
causi the trampling of animals packs the soil so that the shrew's 
cannot re-establish them. 

Strip cropping brings an increase in ground- nest mg birds. A study 
by the Soil Conservation Scr\ ice in southwestern Ohio show cd how 
this increase occurred. The effect of strip cropping on ground- 
nesting birds w as as follows 


A\1 R\(>1 Nl MHl KOI P\IKS Ol* BrI I IHNi: BlRIlS 
Pi r I(K) Ac ri s oi C.kopi ^ni> 


Crop 

Com 

Small grain 
Meadow’ 


Open Fields 

10 

48 


Strip-Cropped Fields 
4 
27 
9 ? 


Living fences pro\idc homes lor such insect-caung birds as brown 
thrashers, catbirds, and cardinals. 1 hey also protect |ircdaceous 
insects, like lady beetles, assassin bugs, and damsel bugs; field shelter 
belts do the same thing. 

Streambank planting aids in the control of bank erosion, becau.se 
it improves conditions for fish by shading and cooling the watci. At 
the same time, game birds, songbirds, and furlicarmg animals find 
cover there. 

Biologic balance is also aided in the management of farm ponds 
for fish production. This involves w hat is know n as a “food chain.” 
The chain begins with w’ater and mineral elements, which arc neces- 
sary for the production of microscopic plants known as algae. Small 
crustaceans (shellfish) and insect larvae feed tm the algae. Collec- 
tively, these small animals and plants are known as plankton. Plank- 
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ton is the chief source of food for bluegill sunfish, which are in turn 
fed upon by largemouthed black bass. Both the sunfish and the bass 
are used as food by man. 

Bluegill sunfish reproduce very rapidly. If there are no large- 
mouthed bass present, the bluegill sunfish get out of hand and &- 
come so numerous char there is not enough plankton to feed them 
properly. The result is a stunted population of bluegills, and the 
pond is “our of balance.” We cannot harvest fish of sufficient size 
to use for food. 

An odd area can be made to contribute to the biologic balance on 
the farm. The area may Ite a bare knob, blow-out, sinkhole or small 
odd-shaped area isolated by a gully or stream. The farm that keeps 
all natural nooks intact will come nearest to attaining the biologic 
balance so necessary to wild creatures. It will produce wildlife food 
and cover as widely distributed and abundant as can be compatible 
with successful fanning. It also uses all the aid Nature can give for 
maintenance of the farm. 


ECOLOGY 

The principles of cc<ilogy are basic to sound land managjpment. 
rhey deal with the effect of the total environment (soil, climate, 
man, and so forth) on plants and animals-this includes the effect 
of plants and animals on the enwimment as well. 

Communities. Plants and animals do not live alone, but in definite 
communities, or mixtures. Some of the many factors that determine 
what s[)ecics (kinds) of plants and animab will be found in any 
given communirv arc soil, climate, physiography, and biota. “Biota” 
means simply all the plants and animals of a community and their 
effect on each other and on the site. 

The importance of soils in determining the composition of any 
community can be illustrated by the growth of alfalfa on limestone 
soils and its failure to grow on acid soils. Similarly, pheasants, for 
some reason yet unknown, thrive in areas of glaciated soils but do 
poorly in loessial or residual soil areas. 

Climate exerts its influence on plant and animal communities 
largely through length of growing season and rainfall, but even the 
length of daylight has its effect. Red clover, for example, thrives 
best where the ^y is long, while tobacco does best with a short day. 
Climatic factors also govern the migration, hibernation, and breed- 
ing of animak. 



JL4JVD, PLANTS, AND ANIMALS 135 

Northern slopes suppiort plants and animals that arc different from 
those on southern slopes. In prairie areas, trees are restricted to river 
valleys and moist slopes bordering drainages. 

Effects of the biota may be less noticeable than effects of the 
factors discussed above, but they arc just as important. In most 
cases, communities are mixtures of plants and animals. Whm a 
farmer attempts to grow a forty-acre “community’' t)f a single 
species, such as corn, he is beset with competition from weeds. But 
when he attempts to grow an integrated community, like alfalfa 
and bromegrass, he gets better results. These plants complement, 
rather than compete with, each other. 

(Certain plants and animals are dominant in any natural com- 
munity; «»ihers take a lesser place, or are subdoininarit. The result 
is a “layering” ot plants, as in the forest. In the forest, small her- 
baceous plants are dominated by shrubs, w hich are in turn dominated 
b\ young trees iieneath a canopy of truly dominant large trees. 
'I'hcre IS a similar stratification of animals, except that animals living 
m the larger trees do not necessarily dominate those living on the 
ground. Mvriads of animals, inostlv insects, live in the ground near 
the surface. Many birds (and cottontail rabbits) live on the ground, 
w hereas others like to ne.st in the tops of tall trees. Some birds and 
animals, such as woodpeckers anil sijmrrels. In e in dens. 

Succession. Comnuiniries c'onstantly change as various factors 
modify the eiivironmcnr. I'his procevs is known as “.succession.” 
Succession of animal communities usually follows succcs.sion of 
plant coniinuniries. For example, the birds of a prairie area arc 
ground-nesting birds, Iiur as shrubs invade the prairie, or are planted 
there, species of birds that nest in shrubs follow. 

Succc.ssion ordinarily starts with bait* soil or water. Early occu- 
pants of !)arc soil arc aggressive annuals, such as foxtail, ragweed, 
or poverty grass. Their growth improves the environment so that 
short-lived perennials, like yjiTTo\\\ goldcnrod, or flealvanc, can take 
ov'er. Succession depends on available moisture, seed sources, and 
other factors. The area ma)* next be invaded by more useful plants, 
such as Kentucky bluegras.s, native prairie grasses (bluestcm, for 
example), or shrubs like ha/cibrush, sumac, or buckbrush. 

Succession stopped with the native prairie gras.scs in the prairie 
areas. In other areas, the shrubs improved the environment so that 
such pioneer trees as bur oak, aspen, jack pine, or red cedar became 
established. In some cases, the succession stopped with an oak- 
hickory community. 
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Succession goes forward naturally to a climax community, unless 
stopped by some outside influence. A forest fire can set back what 
was a mapic-basswood climax forest to the shrub stage. Plowmg re- 
turns a plant community to the bare soil stage, but the soil may be 
more fertile than it was in the earliest stages of succession. 

Starting u ith a bare water area, such as a farm pond, succession 
begins with submerged \egetarion like algae and pondweeds Float- 
ing vegetation, such as water lilies, soon invades the pond and shade 
out submerged plants \s the accumulation of dead plants and silt 
is built up in the pond, the reed>marsh stage is reached At this stage 
plants like cattail and bulrush predominate Further accumulations 
make conditions fav or ible for sedges, rushes, and spike rushes 

W hen the pond is nearl\ full of dcca\ed plants and silt, willows 
and cottonwoods arc able to rake root, and arc later replaced bv elm, 
soft maple, ash, and walnut Lowland prairie grasses, and later up 
land prairie grasses, replace the sedges, rushes, and spike nishcs in 
a climate ia\ orablc to prairie 

I he water succession, like that on lind, can be speeded up, 
stopped, or set back by outside influences Bv maniging i faim 

ffgiiir I/-2 Huolot lispitieza banin to the rn^ht ami sittaa lespeJeza 
\tnp tuxt to the (oui Both kspniezai an ptoltpi huI ptodunts 1 his 
arrangamnt piozuhs inJUnt emit and food fot 'uihihfe tu Alabama 
(Soil ( onservation Set vice Photo) 
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pond fo exclude floating and sM'anipy vegetation, it can be kept in 
the submerged vegetation stare indefinitely. Drainage and silting 
can change the course of succeission rapidly. 

Erotoncs. An ecotone is the area M'hcre two diflerent plant com- 
iminirics meet. It is, for example, where prairie meets woodland, a 
cornfield meets a hayfield, or cropland is adjacent to wwidland. 
The ccf)tone, or edge, is more productive of wildlife than either of 
the two communities that go to make it up. 

This can be illastrated with the habits of pheasants. Pheasants 
like to ear corn, but a cornfield is a poor place to roust at night— a 
hedge or cattail marsh with dense coser is much better. Therefore, 
the pheasant must find a place where both torn and thick cover are 
close together. Places where these cover tv pes adjoin or overlap w'ill 
be most used by the pheasants. 

ECX>LO<;i€\L PKINCIPIES .VPPLIED 

TO son. \un\<;lment 

Plant indicators. S<iil surv ev'ors Itn c l<»ng made use of ecological 
principles. They did this when they u.scd native vegetation as an 
indicator of the tyf>c of soil. 1 he presence of sedges and rushes 
usually indicates a right, poorly drained soil. Pove.'tv gr:«ss, reindeer 
moss and sheep sorrel usually indicate acidic soils. In the present day 
landscape, sw cctchn cr indicates a />1 1 ( degree of acidity ) above 6. 1. 

Native legumes frequently indicate droughty, depleted sites. 
Bruomsedge is a good indicator of poor land management rather 
than of inherentlv jMwir soil I he absence of trees in a long- aban- 
doned field indicates the site is nor capabli of suppoiting trees native 
to the vicinity. The prc.sencc of mullein, ) arrow', or vervain indi- 
cates an ovcrgra/.cd pasture. On th*- bluffs along the Mississippi 
River, overgra/ing is resulting in an inva.sion of red cedar. In other 
areas, thorn apple follows too many cattle. 

Relation to land-capability classification. \\'e arc really using 
applied ecology in the land-capability classification. Wc do this 
when wc say, in effect, that land in C'lsses I, II, and III is such that 
environmental conditions can be kept in the early stages of plant 
succession. That is, it can be kept in annual and a few herbaceous 
perennial plants, without damaging the environment. In the case 
of Qass IV, we recognize the land must lie kept in herbaceous 
perennials, with occasional annual crops, to prevent it from eroding. 
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Qass V land mast be kept in herbaceous or woody perennials, be- 
cause the envirtmment is not suited to the growth of annual plants. 
Classes VI and \'1I must be kept in perennial plants to preserve the 
land’s present productive capacity. Class VI 11 land calls for treat- 
ment with vigorous, hardy pioneer plants. Plants can be established 
(m sites usually incapable of supporting plants high in the succcs- 
sional .scale. 

Cropland. Fanners apply ecological principles when they plant, 
by plowing, seeding, and cultivating, to keep cropland in the initial 
stages of plant succession. They grow annual or biennial crojis like 
corn, small gram, cotton, or soybeans. The same is true when lime 
and fertilizer are applied. I'lns pennits the grouth of plants that 
could not otherwise grow on land that is acidic or of low fertility. 
Mulchint; is another practice that modifies the environment to im- 
prove conditions for desired plants. 

Pasture land. On pasture land, renovation and clipping of weeds 
are evampics of applied ecology So is the cutting of brush and 
weeds at a time of year when their vitality ts the lowest. The intro- 
duction of legumes that are compatible w ith adapted gr.Lsscs actually 
iiiiprotes the stand an<l quality of the grasses. Kegulation of grazing 
to maintain the desired combination of legumes and gnv^cs also 
involves a knowledge of ecological principles. 

Woodland. Principles of ecology are constantly used in w’ood- 
land man.igcnicnt. W'hen trees are to be planted, a siiecics ad.ipted 
to the environmental conditions must be selected if satisfactory re- 
sults arc to be c.\pccred Protection from fire and grazing arc im- 
portant, because this allows the w’oodlot to progress normally 
tow’ard its climax. Impros eiiicnt of han'cst cuttings must be guided 
by a knowledge of ecology if cenain desired sjiccies of trees arc to 
lie favored. For example, it ls now' known that strict selective cutting 
in an oak-hickory wikhIs will, in most areas, result in a maple- 
bassw'tKul climax. 

If oak reproduction Ls desired, cuttings must be made in larger 
blocks to allow sufficient sunlight for oak reproduction and grow'th. 
Shrub borders around wtHidlands arc recommended, for they re- 
duce the effect of drying svinds and help maintain a desirable leaf 
mulch our to the edge of the woods. I'hcy also affect the moisture 
relationships within the woods to the benefit of the trees. Leavii^ 
den trees in a cutting operation is a means of keeping several tree 
planters (s(]uirrels) busy working on each acre. 



Figure //-^. Buffer strips of fruit-hearing shrubs provide both cover 
and food for wild animals in North Dakota, They also make the food 
in the cultivated portion of the field more accessible. (Soil Omserva- 
tion Service Photo) 


Wildlife land. There are many examples of the application of 
ecological principles in the management of wildlife land. In drain- 
age-ditch bank management, species of grass capable of growing 
on subsoil must be used. Even then, their growth frequently hinges 
on adequate soil treatment. These plants should be capable of w'ith- 
standing flooding, be sod-forming to control erosion, and be able to 
compete with willows and cottonwoods. Willows and cottonwoods 
are undesirable because they reduce the capacity of the ditch. The 
grasses should also furnish food and cover for muskrats. 

Fence-row management. F'cnce-r(<w' management illustrates a 
variety of ecological princi|)lcs. When wc plant a living fence be- 
tween cropland and pasture, we create a new environment that 
favors insect-eating birds that like to nest three to six feet off the 
ground. We also add an ecott)nc, or edge, that can be u.sed by game 
birds and fur-bearing animals. We develop a home for pollinating 
insects. When we refrain from burnin| a fence row, we are well on 
the road to the solution of fence-row >vecd problems. If not burned, 
the weeds will eventually be replaced by perennial grasses and 
shrubs. Repeated burning keeps the fence row in the annual seed 
stage of plant succession. 

Pond management includes the control of mahh plants in shallow 
water. Marsh plants furnish hiding places for small blucgill sunfish 
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from bass, and in addition, are part of the next stage in the water 
area succession, llieir presence nia) shorten the life of the pond. 
Management of odd areas involves the use of ecological principles, 
by the selection of plants suitable to the wide variety of soil condi- 
tions encountered throughout the country 

Maish management makes use of at least two ecological prin- 
ciples (.onrrol of water levels pro\ide optimum conditions for the 
growth of aquatic plants, which insures an adequate food supply for 
muskrats Level ditching is designed to alter the environment by 
increasing the area of open water, which makes the habitat more 
desirable for muskra^ 

Streambank management, if applied to a suffitient length of 
stream, benefits fish, icduecs the silt content of the water through 
the control of erosion, ind eools the water bv shading Streambank 
management also provides m eeotonc useful to buds and mammals 

IMPOKTSNCL or Wlimill TO U.RKILTIRI 

\\ ildlife borders make their chief biological contribution thioiigh 
the ecorones rhev ere itt Most forinv of wildlife help fumers pio 
duee more and better ciops, b\ cheeking insects, weeds, mel other 
pests Ihe number ot beneheni forms of wikllife a will miniged 


Figure I hi Mulufloia hjm in South iiuolina hi aiiiitwji to 

ai a it ihtuuhs ttnlUin loiii [ hi plants hat^i an ultt- 
mau spHad ami hm^ht of abotr eight to tin ft it (Soil ( onseivamm 
Seivict Photo) 
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farm supports is surprising If it were not so great, pest problems 
would be much more serious rhm fhc\ arc B\ assuming that i 
1 ()() leic faini had about one-third of its fene e row s in w oodv cox cr, 
ind that the farm had lx acres of piorccrtd woods, 2x icres of good 
pistiirc, ind the lennining 60 leres in \ tour xeir crop rotation 
(the crop rotinon includes two \c irs (»f im idow ) we were able 
ro esrmntc tint the bcncliciil wildhk popiiluion would be some 
whu is follows 

1 sexcril million bcncfieiil insects, such is lidv beetles, iphiv 
lions, ind s\ rphid flics which feed on plint liet, ehilcid flies 
ind I lehinul flies winch pitisiti/e iiinn I inds of iiiscits irid 
ississiii Inius iinbu li hues lobbci flits ind nibids which 
c iptiiie md feed fin orhci insects 

2 Vlort thiMloitx Linds of be lu he 111 birds tepre suited l)\ oxer 
400 indixidiiils eifrhi\ these wtmld lx issoeiiied with the 
fence lows l'‘0x\ ththewooils ninetx w ith the nu ulow nine 
w Ith sin ill fM nn iiul time w» h the coin 

> Mor( thin i thou uul bfiKlieii' sniill iniininils ptiiuipdl\ 
shoit tided shr< ibour 4*' pfi imr of tiuse \x(»iiltl be in 
tie iiif idnw 0) pei ts.iv in tlu pi iie pii tent in the 
\oods ind the r' nuinin Mi pel tint in ilu ^eiiee loxx »{i iin, 
ind lointiilds of the twi ux » i im n 1 inds of mu ill iiumniils 
oininonlv found in tie nei«»hb iMmxkI it It ist ten probiblx 
oet III on ex cr V f uni 

f I ime biieU ind iniinih |>m'uli t iiineis md then fiiends wvh 
spot* md fooil I iiniei hi ni } »iul lil w f)i site mis il o get 
mueh |)le i me md ti»od ir<»m fish I i ibi inni. iniiiiils fiinii'»h lec 
le ition md e ish uu onie 

Xnothet inipfiitmt x line iildiiie is if)ii iJ ii tli* polliniiKm 
ofniins pilots piiticiil iilx leynnie bx hontxbee** wild bees, md 
other inseets Studies in Ohu in Isoiiu of the W «‘tein st itrs showed 
tint x\ Ith siiflieient insect poilinition ei 1 viehU of ilf ilf i, ted 
eloxer ind ilsike e'oxer e in be inertisid isimieh l^ ff> irfold I ixing 
fences wildlife bordei'*, md stte imbii k inmivemcnt iin re iscs the 
imoiint of fivot ible cnxironint nt forpollin iting insects 

Some forms of wildlife panic ulu lx sonic insects and nnminils, 
arc detiinienrii tc» igricuiture \X hen oxei ibninUnt, they luay be- 
come harmful One of the waxs to control s[)eeics thit aie harmful 
is to do those thing* thit encourage their naturil enemies The 
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establishmmt of living fences, fur example, encourages birds that 
help to control insect pests 

Birds The food habits of birds make them especially valuable to 
agriculture \ccoiding to U S Department of Agriculture esti- 
mates, birds dcstrov hannful insects to the extent that $3^0,000,000 
in crofv; is sased each year The total loss to agriculture from insects 
IS considered to tie $700,0(K),000 innuilly B\ increasing the present 
number of turds through good 1 md use and soil management prac- 
tices, the usefulness of birds as insect destroyers can be marenally 
incrcised 

Birds require huge amounts of food Ihc) ha\c higher body 
tcmpciatuies, more rapid digestion, and ex|)end more energy than 
most other inimals they usinllv consume is much oi more than 
their own weight m soft bodied mseets every day Noting robms 
have been known to gam eiteht times their ongmii weight in the 
first eight d ly s of their life 

Insect citing turds must hil then stomiehs five or six times duly 
1 heir digestion is ripid ind much «if the inseet fenid is mdigestilile 
\ young loliin, in eipriviry thir weiirhed three ouneis eonsunied 
1 ft s lutw onus weighing > ' outiecs If i ten pound biliy ite it the 
sime rite it would have to e it IS* pounds of food in one d^y 

\lthough turds ire of gre it v due to igrietilture they einnot keep 
w ceils md mseets undii control Pieseni popuhrions of inseet- 
eitmg birils could protiibly tie ekiubled it every f inner did ill the 
prietie it thing' he could to eneourige them 1 ven sei, from time to 
time he still would hive to use either meisurcs of mseet control 
Some liirels ite ilso v iludile is enemies ot mice, tits gophiis, md 
the like 

Mammals Production ot lurs md eontrol ot smill rodents are 
probably the most inqiortmt e « inn ibut ions of vyild miinils to igri 
eulture 

At least six species of vyild anmids ire effective in reducing the 
numbers oi suela hanntul reHients as iniei , rats, md rabbits At least 
five species ire letive insect destroyers 

Mmy siKcies of sin ill mammals teed extensively on tnscerts In 
field borders and woodlands their ^Mipulirions commonly run from 
100 1 1 too jxr acre Small niimni ils feed throughout the year while 
most birds migrate in winter, as a result, there art mure than 32,000 
insccr-eating inammal-dayrs per acre of shrub border, compared with 
about 1 3,000 bird-day s fier acre It has been estimated that a huneired 
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small mammals could consume 266 pounds of insects per year. If we 
figure 10,00() insects per pound, that would be 2,660,000 a year. 

Deer, rabbits, squirrels— and sometimes opossum, raccoon, musk- 
rat, and woodchuck— are used by man for food. 

Squirrels probably planted all the hickory trees in the United 
States, as well as many of the oaks, walnuts, and butternuts. Despite 
accelerated tree planting by farmers, squirrels are still planting more 
trees than man. If seed trees are nearby, squirrels will establish a 
forest on many acres after the land has been protected from fire 
and grazing. 

Fish. The chief values of fish are for spun and food. In particular 
fish may be an im()orrant source of food on the farm. It has been 
shown that from 1 ^0 to 2^0 pounds of fish |X‘r acre can be removed 
from ponds and small lakes each year if they are carefully managed. 
Thousands of miles of streams and rivers ate also producing large 
.iniotints of fish. Such production on land that is hardly suitable for 
any other use is important. 

M\IN REQiriREMr.NTS OF Wll.Dl.lFE 

I'o Ik? suitable for uildlifc, a farm must provide food, cover, and 
water. These must be distributed in such a way that all arc available 
w ithin the distance birds and animals travel in one day. 

\ctually, the more places developed on a faim w here food, cover, 
and w atcr arc close together, the greater the vv ildlife {xipuladon it 
will support. Ilow’cver, development of cover or water any place 
on the fani) is lieneficial to sumt forms .>f w'lldlift. 

Food. A large parr of the farm land is devoted to the grow ing of 
corn, small grains, and legumes. M* «lcm harvesting methods leave 
a g<M>d deal of waste grain in the field, in many places, wild fruits 
and w'ced seeds are common. Thus, the amount of wildlife food pro- 
duced may be adequate, but because much of it is far from cover, or 
may be cov’ered by snow and ice, its availability when needed is 
often a problem. 

Wildlife food Is usually adequate in late spring when insects be- 
come abundant; in the summer, when insects, wild fruits, and green 
plants are available; and in the fall, when insects, wild fruits, weed 
seeds, nuts, waste grain, and green plants can all be had. The critical 
season is winter when there are no insects, wild fruits are gone, and 
snow and ice cover waste grains. At the same time, the amount of 



144 


LAND, PLANTS, AND ANIMALS 


ccivcr diminishes, and some food becomes unavailable because it is 
too far fnim suitable cover. Karly spring is often just as critical a 
period. 

The planting of perennial food-producing plants close to cover is 
one way to insure available food supplies throughout the year. Some 
of tlic be.st plants for this purpose arc bicolor lcspedc7.a, scricea 
lespedeza. and niultiflora rose. 

Another way to make food available, and the only practical w^ay 
for the northern part of the country, is to extend cover closer to 
natural food sources. 

Cover. Any animal, in order to exist on an area, must have cover 
that w’ill provide concealment for nest and young, shade from the 
hot sun, and shelter from chilling rains. It also must provide escape 
routes and protection from cold, u ind, sleet, and snow. 

If located close to food and water, most cover in many sections of 
the country is adequate during late sjiring, summer, and fall. I'he 
critical season is the winter and earlv spring. 'Fhe planting of locally 
adapted conifers close to sources of food and water is highly recom- 
mended. At least one clump of twenty to fifty conifers or other 
ada|)table trees .should be included in every tree-planting area. Safe 
nesting cover for grouml nc.sting is often inadequate bee, yi.se of 
burning or nunving operations. A few' areas that are never burned 
and are not mow ed until after the ne.sting season should be provided 
on every farm. 

Water. All kinds of wildlife retjuire W'atcr. 'Fhey obtain it from 
one of the follow ing .sources: 

1. Ponds, .streams, springs, drainage ditches, tile outlets, marshes, 
and lakes or snow s. 

2. Food of high moisture ctuitent, such as fruits, succulent leaves 
and sprout.s, juiej insects and their eggs. 

3. Dew'. 

Most upland wildlife can survive on winter from succulent foods 
and dew, but the highest po))ulations can be maintained where sur- 
face w'atcr is available. Surface w'ater w'ill make possible a greater 
variety of wildlife bccau.se water-loving .species, such as red-wing 
blacki>irds, muskrats, raccoons, and others, will be attracted to it. 

The use of land for wnldlifc production does not necessarily re- 
quire a definite area to be set aside for the purpose. Wildlife is a 
secondary crop on lands used for grow'ing grain and hay, for pas- 
ture, or for woodland. It is a pnmary crop only on wildlife land. 
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RELATIONSHIP OF FOOD, COVER. AND WATER 

To be suitable for uildlife a f.tnii must provide food, cover, and 
water, distributed in such a wav that all are asailable within the 
distance birds and animals w ill travel in one day. 

These distances arc not known for all foniis of farm wildlife. A 
few for w hich the information is av ailabic arc giv tn below 


Wtldlt^e Dhtance 

( null s ) 

iMuskrat to Vi 

Partridge, Hungarian *« to 

Pheasant, ring-nccked I 2 to 1 

Quail, hohw hire to 1 


These are seasonal asciages 1 he dail\ limit of traxel will usually 
he no gi carer than the shorter disl met gi\en iho\c 

The following is inft>rination also a\aihl>U on the home rmoe of 
af^w species 


IIVd///e 


Home Ram^L 

I UK I 


(house, lufHcd 40 

Mouse, field ’ i r to 1 

Mouse, prairie deer * to I 

Opossum 11 to -10 

Rabbit ^ to H 

Shnw, shoit filled V to 1 

Squiricl, lox 10 to 40 

W'oodehuck 40 to 160 


It is cle.ir from these figuics that tann wildlife spuns occupy 
relatncK small areas I'he ahuiidanc* of wildhtc lan he incTcased 
w hen suitable habitat is well distributed o\ci the entire lariii Piob 
ably a combination of one |Krman<nt cover area close to food for 
each 20 acres of land would be ideal 1 and conditions varj so 
widely, however, that such ideal conditions will occur on relatively 
few farms. 


1 XFRCISIS 

1. Draw a sketch of a real farm Show location of w'oods fields, and 
of wildlife food, water, and cover areas Draw a second sketch of the 
same farm. Show changes you would suggest for improvement of 
w'lldlife conditions 
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2. Make a study of wildlife communities in cultivated fields, the 
woods, and pastures. Make a list of the animals you find in each area. 
Compare these lists to see how the environment affects the types of 
animals in each of the three communities. 

Questions 

1. Why IS it necessary for us to know the relationship between ani- 
mals and the soil and plants^ How are animals dependent upon the 
land and plants^ 

2. What do we mean by biological balance^ How does it apply to an 
individual farm^ 

3. What IS meant by Nature’s balance^ IJosv Joes man enter into it' 

4. What is a community^ What three elements make a community' 

5. What do ssc mean by succession^ What relation is there between 
succession and the soil and water^ 

6. What IS the chief importance of ecorones or cdges^ 

7. What is the principal crop on wildlife land' What is the best 
VfZy to get rid of u eeds in the fence rou 

8. How docs wildlife aid the faimcr^ 

9. What arc the main requirements of a wildlife program^ 
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Erosion Reduces Productivity 


W know now tint erosion is rht most WHlespit id itul destine ri\c 
lycnr ol our soil I rosum destroxs the piodiietne ( ipaeirx ot ciiln- 
\ ited lind fister rhiii ill other iietois eombmed md reinoxes the 
organie matter, nitrogen, ind elt\ ind silt putieles 1 liese ate the 
ld( of the soil In extreme e ises eiosion remoxes the phx>ieal soil 
liodx Itself 

I rosion ilso rediiees the ixiilihle w iter supplx in rxxo wixs 
(I) h\ reducing the imoiiiu of xxitei smnge spice and (2) h> 
ni iking It more diflieult for rhe soil to ihsorh w aier I losion rcdiiecs 
the iinount of xxater storigc spiec b\ reinoxing put of the soil 
Kceausc of this, mueh of thi stoi ige spiec ind depth ol topsoil arc 
rcdiieeel \lso, the iinount of xi iter ibseiibeJ b\ soil Through pud 
dhng rhe surface of rhe soil is icdufcd Water ean’t get into the 
gi oiind c isilx 

In their mildest torm , w iter and wind remove onlx organic 
mirtcr ind silt and dix fiom rhe [tlinr food lieiring portion of the 
soil In this ease, xxe expcrienee no gre it loss of soil, but our soil is 
left less fertile, and xmU not groxx is good < Mips lo restore such 
seiils to their oiiginal state ot teitilirx ^ « })lan^ nurnenis ind <#rganie 
matter remoxed must be replaeeel } xeii if this x\ere possible to elo, 
11 would be expensive In minx eises, teplaeing the lost material 
w ould be out of the question 

In their most violent forms, wind and water remove our plant 
food-soil and all Usuallv the soil is remoxed m sheets, although in 
some eases, it may be gouged out in gullies In ocher eases, a portion 
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Ftufurr 12-1 At the top of the topsoil layer Nature hrinj(i to hear the 
full effects of all forus that contribute to the de%eiopwent of toil 
I he roch an broken mto fine frat(mcnts ofui the gnyumg plants 
\upply the onramc mattir that ihafigt\ the roik mast mto sotl Fhe 
top layer of this topsoil i\ the most pioduitnc part of the toil body 
I he fit St soil remoied by erotwn comes from this top layer Jhe A 
horizon {black layer) on this [eras Houston clay is approximately 
four feet thick (Soil C onstn anon Sti \ ice Photo) 


of the topsoil layer is ruiio\td, Vfhidi reduces the feeding area of 
plant roots, as \%ell as the amount of moisture and food available for 
plants It also means kmcr crop \ields and less food for us We use 
the same amount ol tune and effort in cultiv ating an acre of this soil 
as we do in cultiv ating undamaged soil, but u e get low cr crop yields 
as our reward 

PROGRESS BUK RED B\ EROSION 

1 rosion has canceled most of oui gains from improved methods of 
soil and crop management We have made manv improvements in 
agriculture during the last si\t\ to seventy-five years and have 
developed better-adapted and higher yielding varieties of crops W^e 
have used better machiner) to tdl our soils, improved the quality of 
our fertilizer, and increased by many fold the amount of fertilizer 
used W^e have used lictter insecticides and improved our methods of 
controlling plant diseases We made many other improvements, too 

m 
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Had we protected our soil from water and wind, its fertility 
would have remained high, and our yields would have more than 
doubled. Actually, gams m yields until recent years v^erc small- 
with some crops, no increases occurred \\ ater erosion earned au ay 
our soil fertility and canceled effects of improvements made m 
agncultural methods Our crop yields remained practically un- 
changed For example, our average yields of cotton and corn \ancd 
little from 1869 to 1938, but after 1938. \ields m part of our crops 

Figure 12-2 As the itofacc %otl is itodid iruay the fcidnio; rant^t jor 
plant roots baonns lesUutid Iht\ Mhsomi luld of Shelby silt loam 
has lost more than t'uo thirds of tt\ oiii(tnal tuclit tinh s of ruh top^ 
soil The tiodid soil can 7iCt,ei be made to pfodtuc as hif^h yields as 
the iiii(in soil as lont^ as it rmnit smnlat tieatment (Soil Conscr\a- 

tion Service Photo) 





Jht^^re i2 ? 4\ tht fiTnk topsoil ts nimntd by cioium thi crop pio 
duitm (apaiity of the rtmaimnyr \otl i\ ndmid This is sho^^v by 
atifaari annual yields of tom in bushels pu aett on Shelby, Ctnmdy 
and Utxuo soils in \hssoun as infimneni by thi depth of topsoil 
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10 so 
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Fis^re 12-4 C hani^ts m silt and sand conunt of Richfield silt loam 
caused by the sifting ofid sorting action of uitid in the erosion process 
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rose. This rise in crop yields was due in part to the spread of con- 
servation practices, which included better erosion control, use of 
more fertilizer, and improvcrnenr of other practices. 

T\BII 6 

N\iionm \\i!RAr.r ^nmu AcRrNiiinoi CorioN vndCokn 
I»N \i\rFiruiiis Bii.I\MS 4 \%l|i| 1K6^ 

\MI I NDINC Wlltl 


'lurai't lumMhltrt yn/J 


Vur 

( ottoH / int 

( om 


• pounds > 

\ Isuihi h 1 

\m -K 

17lA 

2? 9 

IK-»9-88 

VIS 

2^8 

IHK*^ 98 

191 > 

26 0 

\W) 08 

18- "• 

27 4 

>h 


ISH 


* \\<.rigi iorthc nine vur pcrirul, cmting with 


I i^nte 12-^ rhi fuo tj/t of torn srtaphuailv npte^eNt the nlativc 
piodiuiui. capanty of the iiKiiii Jiid iiodni Shtlhy silt loam ihuwn 
III I mnn 12-2 Thn nlationship in pioilutinitv v/W tout mm m- 
lUpmuly, pimiihil thi I'uo anas an I'niii snmlai tnatment (Soil 
Cons.'i \ .ituifi Sci \ It* Photo) 
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Ero&ion destroys soil fertility. The extent to which erosion re- 
duces the fertility of our soil is not fulls kmmn or appreciated, be- 
cause ^ind and water sort out the lighter fcrtilitv-beanng particles 
first Us the tune erosion liecoiues norieeablc, much of our soil 
feitilitv IS gone We now know erosion removes several times as 
mueh plant food from our soil is grow mg plants take 

I his mn be iliustrirtd by whit happened, in \labama, to a field 
of sandv soil It was so nearlv level we didn r think it was eroding, 
so It w IS vtrv surprising to find it hid hist, through erosion, 60 per 
tint of ill the |diosphorK leid applied to the crops grown on it 
duiing 1 iwtntv six vi ir period During rht same penod, 82 per 
eent of rlu phosphone Kid ipplied in roek phosphite w is removed 
b\ erosion I o mike matters vvoise i three veir c»op n»tarion was 
iistd during the w hole period W e thought t lop lot itions impnw td 
our soils thev miinlv lowei the riteot loss of plmt toodbv erosion 
I he phosphone leid w is e lined avv i\ in the eliv whiih w is 
fiouid off the held bv surtiei flow The soil eont lined only 6 per 
eent of eli\, set the eli\ hi Id over *'0 per eent of the soils supplv 
of phosphone Kid 


\C(lJMlTL\TIO\ OFORCANK M\TTER 
PK(VIM[1> m IKOSION 

We know It IS pr lent ills impossible to keep lots of orginit 
mitri r in our soil \\ e hivcn’t been ible to keep the orginie niirttr 
eonreiir of our soil from deelimng we hive tried to men ise it Imt 
have tailed Ue thought that our orgime nutter was beinij de- 
strosed liv soil orginisms or niieroseo|)ie phnts ind that these or- 
ginisms used the organie mattir is food ind bioke ir down to 
oxsgen and other gases in whit we till oxidation (burning) We 
consoled ouiselves bs siying our trouble was a high rate of oxida- 
tion of our oiginic nutter 

W lien w e found vv i hid been mist ikin about how our soils erode, 
sonic of us wondered if we were not mistaken about soil organic 
nutter, too W c wondered if our organie matter got out of the soil 
as we thought it did, so we decided to take a look at our organic 
matter pioblem to see w hat actualist happened to it 

W e found organic matter w as the first thing wind and water re- 
moved from our soils W hen we learned this, we got an idea We 
thought maybe our organie matter was going out our back door 
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and we didn’t know it. So we made some tests. Again, we made 
tests in the laboratory and in the field. 

At first, we didn’t believe what we found, so we made more tests 
and got the same results: We found wind and water removed most 
of the organic matter from our soils. In Missouri and Iowa, we found 
erosion removed urgamc nutter fnwn our soils more than twenty- 
6ve times as fast as oxidation, or the method we supposed removed it. 

\^'c found wind removed organic matter from our soils where 
soil erodes by wind and that water removed it where water erosion 
is active. Raindrops splashed it up, and (low'ing w'arer swept it out 
of the field. 

AVe also found that the rare we lost organic matter from our fields 
depended on the amount of plant co\ er we kept on our land. Land 
in cotton or com lost lots of organic matter. Lands in grass and 
clover or sod crojis didn’t kise any organic m.urcr; they actually 
increased their organic matter content. 

For example, we iound a plot of land at Ciiithne, Okkthoma, 
planted to Bemiuda grass gaincvl 1,700 pounds of organic matter 
annu.tlly. An adpnning plot planted to cotton lost organic matter 
equivalent to all organic matter returned as crop residues. In addi- 
tion, it lost 1 ,860 pounds annuallv of the organic matter in the soil 
at the rime the study staned. Another plot cropped to a three-year 
rotation lost all the cnip residues returned, as well as 940 }M>unds of 
its original supply of organic matter each year. I'his study covered 
a ten-year period. 

During this same period, continuous cotton plots lost by erosion 
an average of 1 8.9 tons of s.»il tier acre annually. The rotation plots 
lost 4.2 tons of soil and the Bemiuda gra.ss plots 0 02 ton annually. 

Topsoil is most fertile. ITie top !.(ycr, or topsoil, is the must pro- 
ductive part of our soil, and it is there that Nature «ised all her forces 
developing soil. Rocks from which all soil is derived (except {leat 
and muck) were more completely disintegrated and decayed at the 
surface than at lower depths. Plant life developed at the .snirfacc and 
played an important part in changing rtK.*k to soil. It also added 
organic matter, which makes the diff».ri*nce lief ween soil and rotten 
rock. 

Remains of growing plants were mixed with the decomposing 
rock, which supplied the organic matter to make soil productive. 
The continual piocess of adding organic matter and disintegrating 
rock resulted in productive soil at the top, or topsoil. With time, the 
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soil-building process changed more of the rock mass into soil to 
make the topsoil layer deeper. But at all times the top layer remained 
the most productive. Here, the rock was more completely disinte- 
grated and contained larger amounts of organic matter. 

It is natural, then, for ertision to remove our most productive soil 
first. In other words, crfision removes the soil in the same order in 
which It >vas developed - from the top doun. 

Erosion reduces productivity. Virgin soil— never cultivated— was 
the most productive Nature could develop under the climatic con- 
ditions evisting. Any tinkering we do with virgin soil changes its 
condition- usually for the worse. By changing either the depth, 
Mriicture, organic matter content, or other characteristics, nc alter 
its })roductivity . W’htn u e iijisct Nature’s balance of factors making 
up the soil's productivity, we reduce its crop production power. 



Figure t2‘b. Relation hiluvcn depth oj topwil and cotton yield on 
Cecil soil at Geoi ^la. 


THE Dr.(.R£VSE OF TOPWIE PRODUCTIVITY 
FROM TOP DOWNWVRD 

SupjHise the environment under u hich soil u'as devclojied per- 
mitted the development of a topsoil t>s elve inches in depth. The loss 
of any pan of this affects its productivity. If an mch of this topsoil 
is removed by erosion, the remaining eleven inches will produce 
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less than the twelve-inch layer. Should an additional inch of stnl be 
removed, leaving only ten inches, it will produce even smaller yields. 

If conditions under which soil developed required twelve inches 
of topsoil for maximum plant production, the loss of any pan of 
it would reduce crop yields. This loss is permanent, and can never 
be regained. 


TABLE 7 


Depth of 

T opsoU 

Effect of Depiii op Topsoh on Yieij> of Corn 

Bushels per Acre 


( inrhn) 

Indiana 

Iowa 

Missouri 

Ohio 

0 

19 

• - ■ 

16 

• . . 

2 

52 

56 

25 

. . . 

4 

41 

69 

.58 

55.7 

6 

48 

85 

46 

46.4 

8 

54 

97 

54 

51.1 

g 


. . . 


59.5 

10 

58 

102 

60 

. . . 

12 

64 

125 

64 


15 

67 

, . , 

. . . 

. . . 


ITie .soil remaining may be brought to a high state of productivity 
by the use of fenilizer and other g(M)d soil management practices. 
But, it can never be made to produce as much as the original un- 
eruded soil if given similar treatment. 

TABLE 8 

Fm I c I oi* Aimmiion ot Foi r Tons of Mani rt i»kr Ac re 
ON III! ^ iFui OF Su'D OirroN ON A, B, AND C I loRizoNS oi’ Oc:ii. Soil 

FieU of SeeJ Cotton per Acre 


Horizo?!* Onnianured Manured 

(pciundv) (pound*) 

A 561 845 

B 548 501 

C 51 42( 


* Soil hori/.oti is a layci of soil appnixiniately parallel with the land surface. 
Hori/x>ns have clistinctisc characteristic's. These \ccre pniduced in the soil-huilding 
prcK'esses. '1 he A horizon is the upper pan and contains the most o^anic matter. 
It IS usually dark in color. I'hc B hori/c»n lies under il»r A and consists of weath- 
ered niatenal. It has an accumulation of clay, iron, or aluminum. 'I he C horizon, 
under the B, is the layer of unconsolidated, weathered parent marerial. 

REMOVAL OF MOST PRODUCTIVE PART 
OF SOIL BY WIND 

Hie wind sorts tnit the organic matter and lightweight silt and 
clay particles and blows them away. The first dust storms are the 
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most damaging. At this time, the soil contains the largest amounts 
of plant-food-bearing silt and cby. More of these materials are re- 
moved with each succeeding dust storm, but the sand and other 
coarse materials are left behind. The organic matter and silt and 
clay are the most important parts of the soil, because they supply 
the food needed by the plants. As this food supply is reduced, crop 
production declines. 

Samples of dust collected in Oklahoma during the dust storms of 
the I930’s contained, on the average, 62.5 per cent silt and 14.3 per 
cent sand. The original soil contained 42 per cent nit and 35.4 per 
cent sand. Soil in drifts contained only 1 5 per cent silt and 58.2 per 
cent sand. In other words, the percentage of material suitable for 
plant food was about twice as h^h in dust deposits in buildings as it 
was in the soil from which the dust came. 

After a dust storm in Kansas in 1948, lM>rh the drift and eroding 
soil contained much less organic matter than similar soil in non- 
eroded fields. Much of the organic matter in these soils was blown 
away, and was a total loss. (Sec Figure 1 2-4.) 

The soning action of the wind during this windstorm removed 
most of the smaller soil panicles. Drift sand had only one-fifth as 
many soil panicles of the blowing size as the original soil. .Most^if 
the small panicles in the wind-eroded soil were removed. 

W'indstorms removed an ascrage of 0.85 inch of topsoil from 
fields near Salina and McPherson, Kansa.s, during .March, 1950. 
AlKiut three-fourths of this soil was piled into drifts in the vicinity 
of the eroding field, and the rest was carried away, mainly as dust 
panicles. 

F.ach time the w ind shifts the soil, more of the fine, lightweight 
material is removed, and the soil liecomes sandier. After a numlier 
of shiftiiigs, soil liecomcs sandy and le.ss productive, and, if shifted 
enough, the total fenility of the soil may be removed. The remain- 
ing soil is low in productivit>’ and drifts easily each time high winds 
blow. It also hxs a low water-holding capacity and cannot support 
crops during dry periods. 

REDUCTION OF CROP YIELDS 
BY WIND EROSION 

The loss of the fertility-bearing part of soil during the dust storms 
of the I930’s made the soil poorer and seriously reduced the fertility 
of the soils in the great drybnd winter-wheat belt of the Southern 
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Hains. First dust storms in this area reduced crop yields 4.5 
times as fast as later storms. Productivity of land in cultivation thirty 
years was reduced 7 bushels per acre annually. Erosion accounted 
for 4.2 bushels of this loss, and removal of plant food by crops ac- 
counted for the remainder. 

Plant food removed by crops was in relation to yields. Erosion 
reduced yields rapidly the first three or four years after the land 
was pur in cultivation. This was the rime the rich organic matter, 
silt, and clay were removed the fastest. 

Fjosion reduced the yield 0.52 bushels per acre per year the first 
four years after the land began eroding, but this rate dropped to 
O.Il bushel for the next twenty-one-year period. Serious erosion 
usually began two to four years after the land was first put in culti- 
vation. 

Wind erodes all parts of loess soils. On loess soils (those laid 
dovn by wind) virtually all parts of the soil can lie removed by 
wind. This is ex(iected, since loess soils arc derived from material 
previously Idid dow’n by wind. The individual particles of loess soils 
arc unifonn. Wind erosion does nor alter the texture of cither the 
residual soil, the drift, or that blown away. Hie organic matter 
content is also blown away at a uniform rate. 

Wind removes all parts of muck soils. Muck soils are composed 
of plant residues reduced to a powdery type of organic matter. Indi- 
vidual particles arc small and light, so when exposed to strong winds, 
the entire soil Ixxly is blown aw ay. 

W\TER ER0.S10N I.S A .SELECTIVE PROCESS 

Water erosion is also a selective process -organic matter and the 
finer soil particles are removed first. This selective feature of soil 
erosion rapidly destroys productivity of cultivated lands. 

Eroding surface soil in New Jersey contained an average of 1 5.8 
per cent of panicles less than 50 microns (.019685 inch) in diameter. 
.Material eroded from this soil contained an average of ^8 per cent 
of particles this size. The eroded material contained 4 7 times as 
much organic matter as the field stiil, and also five times as much 
nitrogen, 3.1 times as much phosphoric acid, and 1.4 times as much 
potassium. The phosphoric acid in the eroded material was of the 
same availability as that of the eroding soil. The potassium in the 
eroded material was 3.7 times more readily available than that left 
in die original soil. 
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During a two-year period, a total of 207,849.6 pounds per acre 
was lost by erosion from a plot in Missouri. The plot was spaded 
four inches deep and left fallow (without a crop). The eroded soil 
contained 190.8 pounds of nitrogen and 90.94 pounds of phosphoric 
acid per acre, llic eroding material contained 337.89 pounds of 
calcium and 69.61 pounds of sulfur. 

Splashing of raindrops sorts out lightweight particles. Rain- 
(lro})s beating on bare bums, sands, and sandy soils separate organic 
m.itter, silt, and clay from the sand, 'fhese materials are then floated 
away by surface flow, and the heavy sand is left on the field. I’his 
sand is turned under at the next phming of the field or is mixed with 
the surface layer of the soil at the next cultivation. In either case, a 
fresh supply of topsoil is iirought to the surface for further action by 
raindrop splash. Re[)cat]ng this procedure o\er the years produces a 
sandier, less productive soil. 

F.rriCIENt.Y OF FERTILIZER LOWERED 
BY EROSION 

Loss of organic matter and plant nutrients from the soil reduces 
the eriicicncy of fcrrih/cr and the water -storage capacity of the soil 
Selective removal of plant nutrients l>v eiosion had greater effect on 
crop grow'th in New York than the depth of topsoil. Fht use flf 
liberal amounts of fertih/cr failed to overcome effects of plant nu- 
trient losses. 

The more sivcre the erosion, the Ic-ss the efficiency of fertih/er. 
Fertili/er vv as applied on all pli»ts at the rate of 1 .(KH) pounds per acre 
of 10 10-10 

Yields of corn on Bath flaggy silt loam ranged fiom y to 88 
hiishels. 'I he lovve.sr \ield vv.is on the most seriously eroded soil. On 
a second soil type, the yield ranged from 40 to 106' Inishels per acre. 
On still a third soil type, the corn yield ranged from v4to 82 bushels 
per acre. In every instance, the yields were consistently related to 
the amount of erosion. 

h rosion reduces the efficiency of fertilizer in a nuinlicr of ways. 
In the first place, it remtives the organic matter and plant-food- 
bearing portion of the topsoil, thus lowering the amount of nitrogen 
and other plant nutrients available for the growing crop. Erosion 
also seals the surface of the soil against the intake of rain w'atcr, 
w’hich means there is less moisrurc in the soil to dissolve the plant 
fcM>d in the fertilizer and .soil. I'here is less moisture to support 
vigorous plant grow^th. 'T he loss of the organic matter also produces 
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a less favorable physical condirion in the soil. During times of ex- 
tremely heavy raias, much of the topsoil is removed, and part of the 
fertilizer goes with ir. The loss of this soil reduces the depth of the 
remaining topsoil, restricting the area in w hich plant roots get water 
and plant food essential for vigorous plant growth. 

For rhe.se reasons, crop increases obtained from the use of ferti- 
lizer on eroded soils are nsuallv much lower than on less severely 
eroded soil of the same type. 


Exr.Rcisi's 

1. The next time there is a hard rain in your area, get about a gallon 
of muddy >\atcr out of a drainage ditch in the field. Pour it o\cr a 
filter paper in a funnel to remove the mud. I^ry the mud. Rub it between 
jour thumb and forefinger. Notice how fine it is. Whar does it con- 
sist of^ 

2. Find a saucer-like depressifin in the field or oti a slope that flattens 
out suddenly at the base of a hill. After the water has had time to diy 
up from the nest hard rain make a careful study of hat you find in the 
depression or at the base of the hill. Notice ho\\ different the material 
j oil find here is from the main soil. 

3. f'inJ a cut in a road bank or take a spade and dig a hole two or 
three feet deep. Noiice that the soil is made up of ilefinitc layers The 
top Liver has most of the organic matter. It usually is dark in color, or 
darker than the rest. 'Fins is the A hori/tm or topsoil. 'I he next lajcr 
iiiiiiiediately below this is just as characteristic as the topsoil, except 
if h.i'* little or no organic matter and has a different color. The soil 
iiijtenal is a lot different, too. '1 his is the B horizon or subsoil, (’.an yon 
explain why these two layers of soil material got that way'" 

QrKsnoNs 

1. Whj*' is erosion so destruciivc to s.)il^ lloxv doc** it ilestroy our 
soil? 

2. What is the main siuircc of loss of plant food from s<»iP How is 
this brought about^ 

3. Whj is Icrtilitj erosion so damaging^ Whar has happened to most 
of our plant food bj’ the time it is realized that the soil is eroding^ 

4. We have made tremendous improvements along some lines in 
crop production, but our j’iclds have not kept up w'ith these im- 
provements. Whj’? 

5. How do we know plant food and organic matter arc removed 
from our soil by erosion? 

6. Why has it been so difficult to build up the organic matter content 
of our soils^ What proof can you give of this? 
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7. How does Nature build soil) What portion of the soil is most 
productive) Explain why dtis is. What is the main difference be- 
tween rotten rock and soil? 

8. Why is the loss of topsoil so serious? Is it possible to regain such 
losses) 

9. How docs wind make a soil sandy) Which dust storms ate most 
destructive) Why) 

10. What do we mean by saying erosion is a selective process? 
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Water Erosion Control 
on Cultivated Land 


Wr learned in Chapter 1 that water eroded soil by applying force 
at the surface of the ground. This force conics from two different 
vnirccs- One is the falling raindrop, and the other is the water that 
flow's over the surface of the ground. Falling raindro|)s apply their 
fiitce when they strike bare ground, and it far exceeds that applied 
by flowing w'ater. 

Flowing water applies its force against the ground surface as it 
flow's over the surface of the ground. There are two types of force 
involved: One is applied by shallow' sheets of water flowing over 
broad surfaces, and the other is applied against channel bottoms and 
sides after water collects in channels. 

The force applied by shallow sheets of water flowing over broad 
surfaces moves loose soil particles but does not tear the soil loose— 
that is, it only moves what is already tom loose. After water collects 
in channels, the force used against channel bottoms and sides does 
loosen that soil. This force is applied at the surface along a line paral- 
lel to the surface of the ground in channels. 

Since falling ramdrops apply their force from above, it would 
seem that measures aimed at controlling surface flow would be in- 
effective against the raindrops. On the contrary, measures aimed at 
controlling falling raindrops also control, to a large extent, forces 
applied by surface flow. 

The way in which falling raindrops speed up erosion is to blast 

If3 ' 
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soil particles loose from the surface. The way in which flowing sur- 
face water aids in erosion is by ^l^>ving soil that is blasted loose by 
falling raindrops. When surface water collects in channels, it then 
aids erosion by tearing soil loose from the bottom and sides of chan- 
nels. By keeping surface water churned up, falling raindrops also 
aid flowing surface water to move soil, enabling the flowing water 
to keep more soil in sus})ension, or siis))cndcd in water. This also 
kee))s the soil from settling out, thus increasing the amount of soil 
that flowing surface water moves off the field. 

Measures that control raindrop splash keep raindrops from strik- 
ing bare ground. 1'hey remove the energy or force from the rain- 
drop before i*- <'onics in contact with the ground. I'o do this, such 
measures must be in the f<mii <if a cover or roof, so that they will 
intercept or catch falling raindrops licfore they strike the ground. 

Plant cover in the fonn of growing plants, plant trash, or plant 
residue make gtmd roofs, riic) serve as shot k al)s()rbers by catching 
falling raindro|)s, breaking them up, and easing them nt the ground 


Figute I hi. The tmxmntm amount of damagt* t\ done during periods of 
hard rams when the falling raindrop and surf are team up on ban* 

land. The silt forming the deposit in the joiegiotind uas blasted loose 
frotn the surface of this inadequately piotected Kansas cornfield. 1 hi 
tplashed material fill back into the shalhne sheit of water on the sui- 
face of the giottnd and was floated downhill. Had the corn prniided 
adequate cover to protect the soil against the impact of the falling lain- 
drops^ there would have been little erosion (Soil C>)nservation 
Service Photo) 
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as clear water. They rob raindrops of their power— remove their 
sting, so to speak, and make them harmless. 

Measures for controlling raindrop splash, then, are aimed at build* 
ing a roof over the field. To be successful, they must provide, over 
the entire field a roof that is not spotty or full of holes, that is con- 
tinuous, that is there all the time. 

A good roof of plant cover completely controls raindrop splash 
and also aids in preventing damage from flowing surface water. It 
does this in at least four main ways. First, plant cover increa.ses the 
amount of water absorbed by the soil and, at the same time, decreases 
the amount of water for runoff. Second, plant cover protects water 
on the ground from falling raindrops. Raindrops don’t strike the 
\\ atcr and keep it churned up. Third, plant cover slows the flow of 
u ater over the ground. Fourth, plant cover tends to keep flowing 
surface water spread out and does not let it collect to form channels. ” 
It also protects the bottom and sides of channels from flowing water. 

I'he only way we can control raindrop splash, then, is to keep 
raindrops from striking bare ground by putting .something between 
raindrops and the bare ground. 

Methods aimed at controlling scour erosion, or erosion from flow- 
ing surface watei, differ from the roof idea. Here, we must throw 
ob.structions in the j>afh of flo^^ing water to keep it from collecting 
or concentrating to form channels ami from spreading in shallow 
sheets. Next, s\ c try to control the flow once it becomes channelized. 
\\*e try to control it after it gains tumbling motion or jiower to tear 
the soil loose. 


CONTROL OF RAINDROP SPLASH 

W'c find there arc three main steps in developing a program to 
control cro.sion by raindrop sfilash. \Vc first learn about the rains 
that occur during the year. When do they comc.^ How hard are 
they^ W'hat month or months do the hardest rains coined In fact, 
we need to know all we can about when rams splash our soil. 

Second, we need to know what condition our soil is in at the times 
the hard rains come. I low much plant growth docs it have^ What 
kind of crop is on it? What kind of roof docs it have? I low well 
does this roof work? What must wc do to make the roof effective? 

Third, we plan a cropping program, which must contain crops 
we need for food and feed, must contain crops we need to sell for 
money to buy clothes and other necessary things, and must provide 
a roof to protect our soil from raindrop splash. Remember, each of 
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these steps is important, so we can’t neglect any tme; least of all can 
we afford to neglect our roof. We usually can find information 
about rains in Weather Bureau records. We want to know how 
much rain we get, when it cmncs, how it falls (how hard or intense). 

Must of our erosion is caused by a few hard rains. In some areas, 
a half doaen hard rains may cause 80 per cent or more of our erosion. 
In practically all areas, only a small portion of the rains cause over 
half of the erosion. We can determine the season or seasons in which 
these rains occur by studying Weather Bureau records. 

Our records from the Amot Stiil Conservation Service Experi* 
ment Station at Ithaca, New York, illustrate this point. Twenty-one 
rains accounted for per cent of the total soil loss during a period 
of eight years and seven months, which was less than 12 per cent 
of the 177 rains that fell during that period. Two of these rains 
caused 1 7.7 per cent of the soil loss. 

A breakdown of the 177 rains into intensity groups illustrates the 
importance of the rainfall inteasity on soil erosion. Records of these 
rains are listed in eight different groupings fa grouping is based on 
maximum rainfall for a fifteen-minute period). The amount of soil 
lost by erosion during each group of storms is presented in 'Fable 9. 
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IMPORTANCE OF RAINFALL CHARACTER 
GREATER THAN THE AMOUNT 

How hard rain falls is more important in the cause of eroaon than 
the total amount of rain. Slow gentle rains are not nearly so dcstruc- 
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rive as hard rains. Rain falling in a short time is more damaging than 
equal, or even larger amounts, falling over a longer period. A larger 
l>ortion of water falling during slow rains is absorlicd by the soil, so 
it is during hard rains that raindrop splash and surface flow team up 
to cause the greatest damage. 

Fifry-flve of the rains had an average total rainfall of 0.54 inch. 
These had an average maximum intcn.sit\' of 0.5 inch for a flfteen- 
niinute period. The average soil loss by erosion for this group was 
ft pounds per acre. The next least erosive group had an average total 
rainfall of 0 59 inch, with a maximum intensitv of 0.62 inch fur a 
flfreen-minurc jicriod. Soil loss was ^7 pounds |)cr acre. This group 
had twenty-nine rains. 

Total rainfall in this group was only 0.05 inch over the first group. 
The m.tximum intensity increased 0.12 inch over the fifteen-minute 
l^riod, but the soil loss increased from K to 57 pounds |KT acre. 

Inereaiting the intensity from 1.5 to 2 16 inches }icr hour, for a 
fifteen-minute {Ktiod, increased the soil loss more than 1 2 1 ^ler cent. 
Tile higher intensity rain produced only 0.1 8 inch more of the water 
than the slow cr rain. Failing at a maximum rate of 4 inclics ]>er hour 
for a fifteen-minute period, 1.55 inches of rain water removed 
14,427 (Hiiinds of soil jvr acre. .\ 1.73 inch rain falling at a maximum 
intensity of 2.73 incites per hour for a fifteen-minute |>eriod re- 
moved onl\ 5,704 pounds t»f soil j»cr acre. Ilic second rain supplied 
0.38 inch more water than the first, but it removed only alMiut one- 
third as much soil because it didn’t fall as hard. 

Other rainfall data from the Amot Station shtiw that the greatest 
damage occurs during the period <;f June to SeptemlK-r, inclasive. 
I'he average annual niimliers of excessively heavy rains were eight 
during June, eleven during July, fourteen during August, four 
during ^ptember, and one during October. No excessively heavy 
rains occurred during any of the other seven months. 

If data on excessive rains arc not available, total rainfall by months 
may be used; although it is nut as reliable as excessive rains, it may 
serve. The superiority of intense rains is illustrated by data in Table 
10 from Guthrie, Oklahoma. The (icriod of greatest total rainfall 
runs from April to November, inclusive, which coincides only 
roughly with the period of highest fifteen-minute maximum inten- 
sities. ihiis period extends from April to October, inclusive. April, 
May, June, August, and September are the months having a large 
number of excessively heavy storms. 
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TABLF 10 
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AMOUNTS OF COVER REQUIRED 

Tests conducted in Texas and Oklahoma show that 657 pounds of 
range-forage cover per acre reduced the amount of raindrop splash 
by 73 per cent. The same tests showed that 1,292 pounds of range- 
forage cover reduced raindrop splash by 93 per cent; with 1,865 
pounds of cover, it was reduced by 96 per cent, and with 5,592 
pounds of cover, it was reduced by over 99 per cent. 

The use of 750 pounds of buckwheat straw per acre as mulch at 
Ithaca, New York, reduced soil loss to less than one-fourth. Present 
indications are that from 4,000 to 6,000 pounds of plant cover (dry 
weight) per acre arc needed, lliis includes both .standing forage 
and crops and litter. W'e find soil splash increases rapidly as the 
amount of cover falls below 2,»HM) to 3,000 jminds per acre. For 
effective control, we need approximately 2,000 pounds per acre of 
short s(k1 gra.sscs, 3,t00 pounds of ordinary cro^is or grasses, or 6,000 
|M>unds of tall, coarse crop and weeds. 

For soil protection, range pLints and crop can be groupd ac- 
cording to growth form into three classes: ( 1 ) ordinary crop and 
grasses, (2) short sod grasses, and (3) tall, coarse cnip and weeds. 

The effectiveness of plant cover is determined by how well it 
keeps falling raindrops from striking bare ground; how’ well it 
covers the ground. Low-growing, dense, sod-foniiing plants cover 
the ground completely and catch practically all raindrops. TTiey 
make effective cover. Such crop as small grains do not cover the 
ground as w'cll, so they let some raindrop through and arc less 
effective. Larger amounts arc required to give equal protection. 
Tall, coarse crop like cotton and corn are less effective than small 
grain, because they have open foliage that leaves latere areas of the 
ground unprotected. Still larger amounts of these crop are required 
for protection. 

Differences in growth forms disappar when the amount of cover 
is expressed as “effective weight.” Kffcctivc weight takes into ac- 
count the degree of surface coverage and the total cover weight, 
w'hich is especially useful in judging cover of unusual growth form 
or irregular distribution on the ground. When plant materials arc «>f 
average fonn, either the weight or coverage alone is a satisfactory 
indicator of effectiveness in preventing splash. By average forms, 
W'e mean the grains, fine-stemmed legumes or mid-grasses, uni- 
formly spread over the ground. Coarse, woody residues of the sor- 
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ghums or cotton, on the other hand, may weigh heavily when they 
cover a very small percentage of the soil so offer little protection 
from rains. Tall open-g^o>A ing cto\h, like the sorghums, or tall weeds 
on range land, produce large tonnages in proportion to their cover- 
age. In such cases, we take into consideration both weight and 
coverage. 

l''ifccrivcncvs of co\cr in reducing splash is inherent in the cover 
itself and is indc})etidcnt of the soil on which it occurs. These values 
are applicable to any example of plant cover on any site and in any 
ram. Table 12 sutitmarr/es these results, sshich are given in terms of 
average aniounts of cover rr(|iiircd to provide different degrees of 
effectiveness in controlling soil splash. 

lARil 13 

\V40I MS Of (^>VFK KfOI IKfr> loCx>MROI SpI SSH 

\mr\m \moi MSI or Dll If rim Dtc.kfis Of I I in if\f mss 

Swj(U \iea\urtrwent% Dual Mt'a\ureweHt^ 


hffert- 

/ otal 

Soil 

/ oraife 

^ivera^^c 

/ llectiif** 

V^olmu 

nvm'ii 

Wiijiht 


Demtfy 


irt/if/v 


(pel 

( p<*r 

ijWT 

(per 


'penimU pti 

(cubic imlus 

cent) 

ai rr ) 

Mill) 

1 nit ) 

• inrhrs ) 

ac ri* 1 

pfiMpirfii mill] 

MH 

5,(KN) 


w 

KMHI 

1.(MK) 

1 50 

9- 

4,(N)0 

"'ll 


8(K) 

2.(KM) 

d 5fl 

9? 

1,(KK) 

^5 

a) 

5 (Ml 

L(XK) 

1 00 

90 

2.<XK) 

15 

40 

10) 


1 (X) 

85 

I/>51) 

:5 

10 

2 50 

425 

0“'5 

80 

1.4(KI 

21 


?(K) 

150 

OftO 

75 

l,»50 

20 

>■» 

1 '5 

2‘’5 

0 50 

"0 

IJCN) 

IK 

20 

1 50 

200 

0 45 

65 

1 <NXI 

15 

Ih 

1 ’5 

rs 

0 15 

50 

"50 

10 

i: 

1 (N) 

KM) 

0.25 

40 

6‘K) 

h 

10 

0 ""O 

65 

0 20 

15 

5(N) 

7 

K 

0 50 

^0 

0 15 

2% 

150 

5 

5 

0 40 

25 

0.10 


SOIL SPLVSII UNDER FIELD C:0ND1T10NS 

I'hc amount of soil that sploshes under field conditions is the com- 
bined product. It depends on the character and condition of the 
soil, the amount of cover present, and the character of tlie rain. 

Soil splash Wits measured under actual conditions, and measure- 
ments showed that cover controls splash erosion On every soil 
tested, maximum cover on both ran^e and crop practicallv elimi- 
nated splash regardless of the character of the soil. I1tus, if there is 
enough cover to intercept all the dro^is before they reach the soil, 
even the most easily eroded soil is safe. 
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PLANT COVER REDUCES SOIL SPLASH 

The amount of soil splash on croplands, in relation to the weight 
of cover on the ground, follows the same general trend as on grass- 
lands. Cropland follows at a higher level because cultivated land is 
more easily eroded. 

Regardless of the crodibility of the soil, the amount of splash on 
croplands declined. This decline uas a straight line relationship- 
that is, the rate of decline went down as the amount of cover in- 
creased. It IS the amount of cover, not the kind, that protects fann- 
land from raindrop splash. 

The method of harvesting a crop and management of the residues 
niav make a greater difference in us protective \ aluc than the kind of 
crop. \n\ plant material on top of tlic ground is helpful For the 
same reason, roots of crops do nor protect from splash erosion, be- 
cause roots cannot protect the land from raindrops unless they arc 
on top of the ground. 

iNsinncirNi covik provided by 

C.IJITIVVTLD (.ROPS 

1 igiire n-2 shows the extent of the rainfall hazard by months, 
iniluMtcs the resistance ofFtred by the stnl to the hazard and the 
amoiim <if protection supplied by the cropping system, and illus- 
trites the failure of cultivated crops to provide cover enough to 
absorb raindrop im[)act. 'I he chart in the upper part of the figure 
allows the laindrop hazard bv months that is measured by the num- 
l)er of excessively heavy rams, for the period of March to October, 
inclusive. No excessively heavy rains were recorded during the 
months omitted from the chan. I he k'w er halt of the figure show's 
the protection against the raindrop impact provided bv' the crops 
used in the rotation. 

The major rainfall hazard occurs during the months of June to 
August, inclusive, but a fairly high degree of hazard also occurs in 
September. The peas suppiv adeijiiate protection during May and 
the first half of June, and arc harvested for canning about June 1 5. 
I'his removes the vines from the field at the beginning of the high- 
rainfall-hazard period, June to August Rare ground is exposed to 
the impact of raindrops until the cover crop of rye-vetch can be- 
etnne established and produce sufficient cover to ab.sorb the impact. 
I'he land is without satisfactory protection during most of the pe- 
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nod from mid-June to mid-August. This cropping system does not 
protect the soil ;^nst raindrops. 

The pea vines should be left on the field as mulch. The rye and 
vetch should be planted through the mulch, which pnibably would 
provide the needed cover. 

I'hc same test can he uised to detcnninc whether or not a given 
crop rotation provides adequate cover. In this case, we use two 
charts that cover the period of the rotation. The rainfall hazard 


Figure t ?-2. Outline illrntratmti a gap m the protection provided by a 
crop in a rotation and the following winter cover crop. On thu farm 
tlw application of organic mattci, fertilizers, crop rotation, cover 
cropping, and contomingarc not sufficient. 



THE PROTECTION 














WATER EROSION CONTROL 


m 


chart IS the same for each year of the rotation The protection chart 
shous the protection provided bv the crops used for each season of 
each year of the rotation (Sec h igure 1 3-3 ) 1 he same rainfall hazard 
IS used for tn o crop rotations 



FARM B 



rt^UK n ? Outlint illustrating iht. onurnnct of thi hazard {cxii.\sn.t 
toinn) ami of thi promtion {ohtaiv<.d from aifiononiu praituis) on 
fuo Jiff I lint f unit in tin sanu. atia Junnif a foui yiar pi nod 


The riinfall hi/ird begins in tirl> pnng ind incrcists until it 
rcichcs 1 pcik m June Ir nimins high throughout tlic siinimcr and 
declines gradually during the eirly fill It disappears the latter pirr 
of rhe season 

I inn \ IS cropped to a four year rotation of f illosv wheat kahr- 
fallow 1 he fallow j ears give no proteetion against raindrop splash, 
except the little provided bv kafir stubl le during the second year 
The wheat year, when stubble mulch tillage is praetieed, provides 
fur proteetion throughout the vear, but kifir docs nor furnish pro- 
tection until after the peak of the rainfall h i/ard has passed The 
niaxinium protection supplied by the kahr during the latter part of 
the summer is inadequate 


174 


WATER EROSION CONTROL 


The four-year rotation practiced on Farm B supplies even more 
protection. This rotation program consists of one year of wheat and 
three years of alfalfa-broniegrass-hay. Stubble-mulch tillage is prac- 
ticed during the >sheat year, and, as a result, fairly adequate cover is 
provided during the enure rainfall hazard period. The alfalfa-brome- 
grass-hay supplies enough protection during the last three years of 
the rotation 

The cropping svsteiii shoun in tigurc 13-2 does not supply the 
plant costr needed Neither docs the four-year rotation on Farm A 
in Figure 13-3 

Under field conditions, uhere row crops are grown, it may be 
difficult or impractical at times to develop cropping systems to pro- 
\ ide enough cos cr at the pro|)cr time In these cases, additional cover 
must be supplied, which can he done by leasing residues from crojis 
on top of the ground 

\\ c also find plant ccucr reduces frost penetration depth -that is, 
the depth ground freezes Protective \aluc is dcttnnincd by its 
height and density I he chief effect of plant cover on frost pcnctra- 
ticm is Its ability to trap and hold snow 1 he insulating effect of the 
plant c'over on the ground is important, but its ability to catc'h and 
hold snow is more so l\uallv, the depth of snow is more luaifotm 
in V eget ated than in pb iw cd iields, so that gu aind cov cred w ith a f air 
amount of plant ^ over docs not freeze as quickly as plowed ground 

( tops should be harvested in such a way as to leave high stubbie 
Then, siiffieicnr snow may be napped and held throughout the 
winter to ktTp fiost penetration to a mimmum Ihis jiroteets the 
soil and reduces runoff uid eiosion losses later in the se ison 

PRISINTION 1)1 SPl \S1I FROSION R\SI( 

TO SOU IMPROVrStfNT 

Raindrop splash ae\ounts for the main losses of organic mattti 
bv eiosion Larger amounts of plant nutrients are removed by this 
proe css than by c'loivs Further manv of the plant niitnents aelded to 
the soil in the form of c'ommcrcial fertilizers aic removed by splash 
erosion, w Inch also destroys the phy’sical pnipertics of the soil This 
increases runoff and decreases the amount of water available for 
plant growth 

Splash erosion holds the key to soil improvement programs. By 
providing effective plant cover v'ear round, we are laynng the basis 
for {lemunent soil improvement 
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CONTROL OF SURFACE FLOW 

The rainfall that does not find its way into the soil by percolation, 
or is held in depressions on the surface of the ground, becomes run- 
off water. When runoff water from one small area is allowed to 
run down the slope, it joias with the runoff water from other areas. 
Because it soon increases in v<ilume as well as velocity, runoff water 
g:iias tremendous power as it moves downhill. 

\^'e need to jircvent water from concentrating to form channels, 
and we also need to regulate its flow. Both these objectives are ac- 
complished by controlling the length of slopes over M'hich the water 
moves. \\'here slopes arc steep or lung enough to favor damaging 
concentrations and vekK'ities they need to be shortened, ^^'e do this 
by establishing suitable barriers at strategic dtstances. Ihe most 
popuLir barriers now in use for shunening sIo^ks include the terrace, 
contour culti\ ation, and conmur strip cropping. 

By terracing the field, the slope is divided into small watersheds. 
The short slopes thus formed, plus the use of a cropping plan, .sod 
tre.unirnt, and cultural practices fitted to the field, allow a minimum 
of water to att,tin scouring vcl«K'it\. By controlling the velocity of 
flow, soti io.ss by scouring is reduced, and tiiorr runoff water may be 
absorbed as if moves slowly from the field. 

Terracing. A terrace is an embankment or ridge of earth with a 
channel on the u^iside constructed across a slo})c. 'I he pui)M>sc is to 
control runoff and reduce sctiur erosion. Terraces may logically 
be dnided into two types on the basis of their primary functions: 
let el and gradient Both types are alike in that they arc used to con- 
trol w atcr and reduce .scour erosion; they differ in that the level ter- 
race Ls used to eonserv e iiioisturc. The gradient terrace is used for 
the orderly disposal of surplus water during times of excess rainfall. 

A level terrace is used in areas of low r.iinfall. '1 he extra water 
conserved is needed for crop growth. The gradient terrace is rec- 
ommended for humid conditions where coascrvation of moisture is 
nor a major function as a rule. I'crraces do not protect the soil from 
splash erosion, however. 

Contour strip cropping. Strip cropping is the practice of grow- 
ing crops in a systematical arrangement of strips or bands, which 
serve as vegetative barriers to wind and water erosion. In contour 
strip cropping, the strips are laid out on the contour. 

C^e means of utfliring the high erosion-control value of close- 
growing crops is to adopt a ctintour strip cropping pattern. Instead 




Tigtirr n 4 A lontour xirtppid fuU in loua Strips of small i(ram an 
alii maud 1.1th uiips of torn (SoilC onscnation Stnitt Photo) 


of planting a held solidH to culrnittd row crops plint ilrcrnitL 
strips of row and dost growing or sod tiops Once tsnl)lishtd?tlu 
sod tro})s usiialU prosult iinplt piotttrion from erosion, both l)\ 
raindrop splash and surfitc flow to lind itruills plinrtd to them 
Ihtv provide no protictKm fron nindrop splish for the strips 
plmtcd to tltm tilled crojis, Iiowcmi During runs of light To mod 
crate intensities, the soil on the sod strip ma\ be ii)lt to ibsorb the 
water that flows onto them from the e le in tilled strijw immtehuelv 
above 

But during t\trenitl\ heavy runs or runs of long duruion. Urge 
e]uanrities of water may flow from iht st>d strips to the elein tilled 
strijv» 

During rams ot the list two tsyns strip eropping may actually 
increase the rate ot erosion by surtiec flow on the strips pimted to 
clein-tillcd crops Under these conditions, flowing surface water 
moves from the clcan-tillcd stri|>s onto the sod, immediately^ loses 
It turbiditv* and then deposits its load When it leaves the strip on 
the lower side (usually chmnch/ed) to enter the cultivated stnp, it 
will be praetically c'lear and will have higher eroding capacity 

Stri|vs of V arious w idth of the soil-protec ting crops are effective in 
reducing erosion and decreasing the distance of soil movement em 
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bctwccn-terracc slopes. Under some conditions, little or no soil 
moves from cultivated strips; under other conditions, large amounts 
are deposited on meadow strips. The amount of soil dumped in pas- 
tures indicates there Ls continuous erosion from the cultivated strip. 
In consequence, the quantity of vegetation in the meadow strip de- 
creases and its quality deteriorates. 

No one combination of crops or width of stri}>s of the crops em- 
ployed will l)c universally satisfactory. One requirement for success 
of the strip crop pattern is that the strips be laid out and maintained 
on the contour. If they diverge from the contour n»ore than 4 or 5 
per cent, for distances as little as 100 feet, much of the erosion-con- 
trol effectiveness of strip cropping may be lost even on the least ero- 
sive soil types. 

Tlic clfecri\ cness of strip croppiiig is influenced by soil type, de- 
gree and length of slope, previous erosion, and t»ther factors. A wide 
variation exists in the effectiveness of a given strip crop pattern. This 
is especially true when used (»n .soils of \ arying al)sorpti(»n capacities. 


Figure 77-5. Sod strips hi a contour strip-ciop pattern do not protect 
the clean cultivated strip from splash erosion , as sbou'ti by this Texas 
field. During periods of heavy rain they way actually increase it. Clear 
nater flowing from the sod strip onto the clean cultivated strip may 
have grt^ater capacity to erode the soil than would have been the case 
if the strip had nor been there. (Soil Omservathm Service Photo) 






' *": ■ ' ‘ I . ;■■ ■ ■- t v. ' , ■ .{ ' 








m 


WATER EROSION CONTROL 


Diverging av much as 2 per cent from the contour results in heavy 
losses wtth Mime sod types. Under no condition should it exceed 5 
per cent 

There is a relation between the degree and length of slope and the 
effectiveness of strip cropping, which is especially true when the 
stri}>s arc laid out within varying divergences from the contour. 
Losses arc ruo to three times greater from soils with moderately 
heavy to heavy subsoil than from sods vv ith light-textured subsoil 
Previous erosion affects the amount of sod loss from the cultivated 
stnp The more senous the previous erosion, the greater wdl be the 
loss with strip cropping 

f ven though erosion niav be controlled on the areas planted to 
the sod crops, it docs not mean tnision is not taking place on fields 
planted in snips Sfiil continues to cr«>de on that (lortion of the field 
planted to roiv cro^is, even though it may be prictically eliminated 
on the s<m1 areas 1 he eroded sod on the clean tilled areas moves on 
dou nhill and is de(M>sircd on the sod strips \s these strips are alter- 
nated with row erojis, the sod cvcntuillv reithes the liottoni of the 
hill It then csca|.HS from the fitm into driinage channels The sod is 
on the move on the eletn tilled aieas, tnd cvcntuallv wdl reach the 
bottom of the hill \\ ith strip cropping, it tikes longer for it t* get 
away 

I veil though the sod iiiav not aetuallv be t irried off the field, it is 
changing locations on the field This mi\ result in damage thit 
vv oiild be as sc nous as though it w e re e u ned iw a\ Stri^is pi inttd to 
clean cultivated row cro^is should Ik provided with adequate plant 
eov cr to protect them from raiiidiop impact 
Contour cultivation (^ontout cultivation, like terracing, is effec- 
tive only in controlling erosion bv surf tee flow More accurately, it 
IS a part of the w ater dis^vosal sv stem \\ hen properly carried out, it is 
one of the most effective mechanical c'ontnd measures for cnilttvated 
cropland (iencrally, it is effective from the standpoint of increasmg 
crop y lelds, reducing runoff, and reducing scour erosion losses Like 
other measures, it has its limit.uions Maximum results may be ex- 
peerted only when it is used with other gcxid farmmg practices Sur- 
plus water from contour cultivated ficick should be emptied into 
grassed w aterw ays to prevent gullying 
Dunng periods of heavy rams the water that cmllects m the middle 
of contour furrow ed fields may spill over the ridges If this occurs at 



/ iglirr i5-6. Contour tultiiatwj} may hold 'u^aur on a field lattf(et dm- 
/wtf him > or prolonfrvd tarns, a \ho'UN hy tht\ Oklahoma field Fhe 
middki may / ^l and oicttop th iid^i c When thi\ oitrtopptnf^ occurs 
uill up thi slope, sitious irull) uosion nny nsult iontow culitva- 
turn does not ptott.it thi soil jtom laimhop splash (S«»il (.onsin jtion 
SiiMtcPhoro) 


i |»omr will up rhe slupt, stnuns tiosion nuv occur on ihc down 
slope Side 

Siuh lacrors as soil tsjH, soil conditions, and .iinount of slope 
niodifs rlu ctfcctncncss ot contour culm anon In rhe simiand 
ire IS, tIk consersaiion ol nioisraii is of pninai> iniporiancc. ( on- 
toui culm anon h\ listing nu\ he sufficient within itself in these 
an is In more humid sections, * ontour cultivation inav h( adequate 
during perKids of hta\> raintall fr#r fhe oidcrl) disposil of surplus 
v\ atci During the dnei grow irig seasons ir inav be used for moisture 
conscivation It is in those ire is when contour eulmarion serves 
this doulile function that appropriate supplcmentar) measures are 
essential for nia\inium results ( ontour cultivations should be used 
as a supporting measure, not is a substitute tor plant eov er 

I XI K( isi s 

1. Select a bare spot of giound convenient to a water faucet r^r 
place soil in three shallow boxes or pans Nunilier these from 1 to 3. 
Play water on i from a garden hose for ibout five minutes as a light 
spray, on 2 as ram of medium intensity, and on 3 as hard ram. Tliere 
will be little more than puddle erosion on I, slight erosion on 2, and 
severe erosion on 3. Why these differences m the degree ot erosion^ 
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2. Fill two shallow boxes or pans with samples of soil of the same 
^pe. Use virgin soil or soil fn>m a sodded area in one pan and soil 
from a cultivated field in the other. Expose to natural rainfall or play 
w'atcr on them from a garden hose as outlined in No. 1 above. Wnich 
sample erodes the more^ What does this tell us about the effect of 
cultivation on the erodibility of soiP 

3. Fxamine a terraced field immediately after a haid rain and be- 
fore It has been cultivated. Note the small nils and in some cases 
gullies betucen the terraces Also note the soil deposits along the 
terrace channels. Explain ]ust what has happened here. 

4. tollow the same procedure outlined in No. 3 above for a field 
that is strip ciopped. Tslotice the signs of erosion on the strips planted 
to clean cultivated crops. Now examine the i^er edge of the sod 
strips Note the debns deposited b\ the water flowing ^om the clean 
tilled strip as it cnteied the sod strip Fxamine the remainder of the 
sod strip for signs of erosion What is the relation between the sod 
stnp and the enision on the tultiv ared stnp^ 

OcrsiiONS 

1. What two ways does water eiode soiP Which is the more im- 
portant^ 

2. Fiow do iiiiuliops appiv then cnergs oi foice to the soil" How 
does that diffci fiom now mg water" 

3. Do terraces, contour cultivation, and strip cropping stop elusion 
from raindrops^ Whs ^ 

4. Htiw can laindiop splash lie controlled" How does this plan 
actually operate^ 

5. Whs IS It soils with g(M)d plint cost i do not ciodc- \\ h\ is there 
so much ciosion on eultisatcd land^ 

6. What kinds of ram do the most damage^ What tan wc do to 
present ram iiom eroding our soiP 

7. Wheie can wt get infoimation on rams and rainfall in spccihe 
arcas^ Which is more impoitant— total rainfall or intensitv of ram- 
falPWh\5 

8. How do crops dilfer in their abilits to control splash erosion" 
What three gcneial classes can crops be disided into fiom this 
standpoint^ How much plant cosei is needed with each class to 
control splash eiosion^ 

9. Flow docs plant coscr affect infiltration^ The loss of organic 
matter^ 1 he loss of plant food^ 

10. W'hat IS the main difference between cotton and com and grasses 
and clovers from a soil improving standpoint^ IFow docs this 
compare with our present belief" 

IL Can wc improve our soil without the use of crop rotations^ How 
would \ ou do it^ 
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X()i)A^, wind erosion is the nu^sr derive destroyer of soil fertility in 
a niiinher of areas, particularly the (ircat Plains. It is also active in 
local areas in a numher of otlier parrs of the country and very de- 
structive in the spring and winter w heat areas. 

(treat Plains soils are noted for their high fertility. But this fer- 
nlit\, as in all soils, is liound up in the topsoil, the organic matter- 
hearing /one. It took Nature hundreds of years to build this rich 
topsoil. 'I'o lose it during a storm or a series of storms is to lose frt'iii 
crop pioduction the fruits of Nature’s efforts. 

Soil blow ing has increased in tlie Plains as new' areas were brought 
into cultivation, because the natural vegetation w'as removed. Its 
beneficial effects on the soil wtu* di stniyed. 

rile greatest danger from soil blow ing is in early spring, which is 
the season of high velocity winds in thr area. Also in the spring the 
I.ukI is in most favorable condition to blow. Soil blowing may be se- 
rious any time of the year. During other seasons, it is usually better 
protected from wind. The soil should be protected at all times. 

Any field without plant co\cr may blow if the soil is finely pul- 
verized or tightly and snuKithly crusted. The mr»rc sand the soil con- 
tains the greater is the likelihood <if blow *ag. Once a field has started 
to blow, the condition grow's worse unless control methods are used. 
During hard, sweeping windstonns, ‘‘eternal vigilance” and prompt 
action are necessary to detect blow spots. If they are neglected, 
blow spots may spread over vast areas. 

The lands of the Plains region originally were covered with grass 
protected for countless ages. The plant cover was the best Nature 
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could develop under the circumstances. Under natural conditions, 
soil was less exposed to wind action even during prolonged droughts, 
because the residues of the last season’s growth remained as a protec- 
tive covering. This protected the ground until rains, however long 
delayed, came to stimulate new growth. 

Wind erosion is a serious problem on many of our muck lands 
along the Atlantic and Pacific Coasts, as well as along the Great 
l.akcs and other places. It also is a problem on mineral soils in local 
areas. 

Destruction of natural cover when the land was put in cultivation 
or by overgrazing cxpised it to w’ind. To protect the land, we must 
provide a substitute for this cover. l'.x[)osurc of soil to w'ind for even 
short periods may result in severe erosion. .Maintenance of an ade- 
quate plant cover, therefore, becomes the primary goal of all w ind- 
erosion contnil efforts. Soil-blowing possibilities are greatest in s'ea- 
sons of drought, after crop failures, and on soil types of low' water 


Figure 14-1. Ridges check soil hlou'wg tentporarily by trapping drift- 
ing soil. If the uind blows long enough y ridged fields become level and 
the ridges lose their effectiveness. The middles fill with drifthif^ sand 
and the crests are worn down by the wind, as is shown in this Okla- 
homa cotton field. (Soil Gmservation Ser\ice Photo) 
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holding capacity. Wind erosion problems are greatest in areas where 
erosion«producing rains arc least frequent, l^is problem decreases 
as rainfall increases. 

In Chapter 4 we learned that wind erosion was begun by eddies 
twisting sand grains loose from the surface of the ground, thus start- 
ing saltation or a bouncing movement of these grains. These bounc- 
ing grains kick organic matter and smaller soil particles off the 
ground to cause dust clouds and loss of our plant food. Bouncing 
grains push and shove larger grains along the ground to fonn surface 
creep. We learned, too, that wind blowing slower than eight to nine 
miles per hour at six inches al)o\e ground can't move soil. This in- 
fonnation gives us the clue to wind -erosion control. 

Our job in wind-erosiuii control, then, is to keep the wind ve- 
locity It SIX inches above ground, below eight miles per hour. How 
do we do this^ By putting so many obstacles in its path that it can't 
blow faster than eight miles per hour. 

These obstacles have to be placed close enough together so that 
w ind can’t blow faster than eight miles at any place. Thev have to be 
high enough to affect the velocity of the w ind si\ inches (or higher) 
above tlie ground, and they slmuld be densest at the ground surface. 
Nature uses plants; so tmist wt . 

SOIL B1.0W1NG 

The rate of soil blowing decreases as the surface of the ground be- 
comes rougher. The roughness of the surface is determined b\ the 
height of, and distance betweer surface obstructions. 

I he starting rate of soil iiioveincm o\er cultivated fields is less 
when the soils arc ridged than when the stui .surface is .stnoofh, lie- 
cause ridges reduce the w’lnd \elocity. Slowing the sclocity causes 
wind to dump some of its load in the middle**. Ridges, howxvcr, pro- 
duce greater velocities of w’lnd flow' over the crest of the ridge and 
also increase eddying. This results in a more rapid rate of erosion at 
the crest of the ridge. I'lic initial net effect of ridging is a reduction 
in the rate of ero.sion. The field surfac is gradually leveled. The 
middles arc filled and the crests arc w'om down at the same time. 
When the field becomes level, the ndges lose their effectiveness, and 
erosion is resumed as if the ridges w ere never there. 

Almost any soil will blow if the physical conditions are right. 
Sandy soils are perhaps the most susceptible. Soil conditions most 




Fif^re 14-2, Destruction of plant cover by overgrazing exposed this 
soil to the damaging action of mud. This is typical of IIS^OOO acres 
of overgrazed pasture land in Crane and Ector Counties^ Texas. (Soil 
Conservation Service Photo) 


favorable for blowing are a smooth, finely pulverized surface free 
from a growing crop, weeds, or crop residues. A soil is least subject 
to blowing when it i.s covered with growing crops, weeds, or crop 
residue, or, if without cover, when it is rough and cloddy. 

In the Circat Plains, sandy and very sandy soils offer so little re- 
sistance to blowing they cannot be safely cultivated. They should 
be kept in or put back to grass. Heavy soils that form tenacious 
lumps and clods arc least subject to blowing. Ordinary tillage prac- 
tices can usually be employed with safety in these soils. Between 
these extremes is a large acreage of soils that arc highly productive. 
Special precautions and treatments are necessary to prevent soil 
blowing on this group of soils. 

Experience over the last twenty to thirty years in the 14- to 20- 
inch rainfall belt has revealed the dangers of farming these soils and 
has shown that none of the shallow, moderately sandy and deep 
loose sandhill soils can be kept productive under cultivation. Shallow 
hard lands (clay soils) have undergone severe erosion in all areas of 
less than 18 inches average rainfall. Nearly level, medium-textured, 
and moderately sandy lands, on the other hand, have withstood cro- 
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sion under rainfall as low as 16 inches. This was possible when suit- 
able wind-erosion control praaices were used. 

Medium-depth hard lands have a fair to good record of perform- 
ance. Where rainfall is less than 17 inches, alternate cultivation and 
grass is needed on these lands to prevent severe damage. Ex|)erience 
indicates that the hard lands erode more slowly than the sandy lands. 
If it is difficult to maintain crop residues and to get crop stands, it is a 
sign of overuse. 

The length of time these soils can be culti\ ated safely varies with 
soils and climatic conditions. Deep, loamy sands in areas of 18 to 20 
inches of rainfall are fairly safe, (ancr crops should be used in the 
rotation. The deep, nearly lc\el hard lands -the best of the High 
Flams wheat soils - can be safcl\ farmed w irh appropriate precau- 
tions. 

These findings parallel verv closely the findings made in the prai- 
rie pnninccs of Canada. Here iluy found tint regardless of condi- 
tions in different locakries there are some definite principles that 
ha\e general application. For es.implc, summer falkm * may be used 
on medium loam soils under propci conditions. Sandy and clay soils 
rei]iiire the protection of plant co\tr, \\ hich means that plowed fal 
low , though suitable on loams, is not safe on sand or clay unless pro 
teerne cover crops are planted. These moic difficult soil types, 
therefore, should lie protected either with a crop or trash cover or 
both. 

Wind with a wide unbroken sweep earries more drifting material 
rhan it does o\ er nairow strips Its sandblast aetion is greater on un- 
strippcd land, which is one rt.a>on why srri|> crop farming aids in 
w iiul erosion control. 

One of the first rce|uircincnts in eoni oiling wind erosion is to dc 
ternme the soil type* and past cropping nistorv .Areas not iitcd for 
cultiv atioii should be planted to grass 

Although any fallow ed piece of land inav drift, some fallow's have 
remained remarkably stable. Soils do not all erode with equal ease. 
For example, mediuin-tevtured soils do not crridc as leadily as others 
Alcdiiim-texturcd loams that are not extrf*melv high in organic mat- 
ter do not drift readily unless improperly manageel Sandy soils and 
some clays arc difficult to manage. 

Soil w'lfb native plant cover or soil being cultivated for the first 


* I jllcm IS the tillage of land, without sou iiig it. for a season 



Fif^re Ryv u'as hloviv out of this South Dakota field two seasons 
in succession because there was not enottgh moisture to establish it. 
The third season the field was planted in strips with the results shown, 
(Soil Conservation Service Photo) 

rime is fairly resistant to wind erosion. Light sandy soils are ex- 
tremely subject to blowing. It is practically impossible to summer 
fallow this type of land without serious danger of drifting. Pillow- 
ing this type of soil for moisture conservation also is of questionable 
value, and if dtme, it should be ex'ceured in those seasons when the 
.soil moisture Ls not enough to justify seeding a crop. These soils 
should be seeded to grass and kept in pasture. 

W here planted to grain continuously, a rotation of wheat and fall 
rye is commonly used in the spring wheat area. I'hc rye is drilled 
into the wheat stubble. The rvc stul)blc should be left until the fol- 
lowing spring. I'he wheat may then either be seeded with a one-w^ay 
disk with seeder attachment, or the land may be pkm ed, packed, 
ami seeded immediately. Both crops arc cur as high as possible, and 
the stubble is left standing to collect snow and protect the soil 
against wind erosion. 

Soil drifting may cKCur on sandy soils despite these mea.sures. It is 
necessary, therefore, to watch conditions in the fields at all times. 
W'hen necessary, one should plow furrows through danger spots at 
the first signs of drifting. Knolls that are highly subject to drifting 
should be seeded to grass. 

Clay .soils are subject to drifting and are usually uniform in tex- 
ture. Drifting may start in any part of a field or even an entire field 
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at one tune Once started, dnftuig js %\ere even m narrow strips. 
There is a rapid increase in drifting near the windward edge of a 
field of highly calcareous (limestone) heavy clay soil This is fol- 
lowed by constant rate of flow along the itniaining part of the field. 
Frosion increases progressive!) acniss the whole length of the field 
on loam or clay loam soil Drifting piles equal amounts of sand m the 
stubble at the edges of each strip, regardless of the width of the strip. 
Stnpcropping on this type of soil, therefore, has definite limitations 



/ip«re U -4 Luti laiuiy \otl\ %.hu ptohiud h plant cwir, an not 
uihpit 10 blo'uWtf //it ipane lOiii m thn ^outh Dakota fuld pro- 
t lU tK ml at^atmt thi aitioii of uiiid (Soil (onservition Service 

Photo) 


Crops on clay soil art usually fair to good, especially where the 
crop IS seeded on well-prepared fallow or on stubble land with good 
moisture reserve 1 o prevent will blow mg, this vubbic must be kept 
anchored at the surface 

Loam soils show a wide variation in their suseeptilnlity to blow, 
as a class they blow least However, actual damage is by far the most 
serious when wind erosion occurs on these soils 
Once blowing starts, there is a gradual separation of the fine soil 
particles and organic matter from coarse sandy material As blowup 




Figure 14-5. Thts 
Montana jam n pro- 
tected from mnd ac- 
tion by the 'wheat 
uubble shoun (Soil 
Consen’ation Service 
Photo) 


continues, the soil becomes sandier. The greater the distance the ma- 
teiial IS moved, the more complete is the separatum It is important to 
check blouing sshert ir starts, which is usiiall> at a few wilncrable 
spots. It then spreads over the entire lield hir this reason, strijjcrop- 
ping has proved to be a \ aluabic aid in controlling soil blow mg 1 his 
IS espcciallv true w ith loam soils 

Loam soils base a fanlv liood moist iire-holdmg capacitj Under 
noniial conditions, stubble from crops on fallow forms a g<K>d trash 
co\er In addition, these soils tend to retain a cloddv structure that 
hcljis to pre> tnt w ind erosion Soil blow ing on loam soils is rclativ ely 
easy to control 1 he damage caused bv l»low mg, how e\ei, is so sc- 
\ ere that extreme precautions to pitvtnr it aie justified 

Maintaining a trash co\ tr or a cloddv condition at the surface con- 
trols blow mg in fields on stri|>s up to 660 feet w ide If the stubble is 
light. It IS advisable to seed a narrow strip of gram, about ^0 to 66 
feet w ide, dow n the center of the w ider strip before summer fallow - 
mg This reduces the width of the crop strip to feet or less. As 
conditions improve, these* narrow strips can be eliminated. 

WIND EROSION REDUCES CROP YIELDS 

Topsoil to an average depth of about 9 inches has been removed 
from fields m w'cstern Kansas This occurred during the nineteen 
vears the fields were cropfurd to wheat The soil was blown away, 
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and the loss included all the fertile topsoil This land is no>\ much less 
productn e and contains less organic matter and undccomposed crop 
residue than \\ hen it u as nev, \\ broken 

CROPPING PRACTICES AND WIND 
EROSION CONTROL 

1 he best means of presenting \\ ind erosion on tropl md is to keep 
plmr co\ er on the land continuousK I ffeern tiicss ol pi int cover in 
pie\ tnring w ind erosion w is show n during i dustsrorm at Salma and 
McPherson, Kinsas, in Mirch I9i0 Soil bh wing occurred onl\ on 
he Ids that did not ha\ c enough pi int coi er \\ hcrci er the crop resi 
due on the surf ice w is a ton or more per acre, little or no erosion 
occuircd But where the pi int eoxet w is not enough, topsoil to in 
nerige depth of aboutO 8' inch w is blown iw iv 
PI int eo\ er reduces w md \ eloc ir\ md ilso e itches, or trips s ind 
gr ims nu)\ mg in saltation 1 he w md e in neithe r pick up soil grams 
nor keep them mo\ mg once the\ st irt 

I he amount of wheit stubble oi stnw icquired to prevent wind 
eiosion V iries with the trosueness of the noiI md the \eh>eitv of ihe 
wind Ihe highei the \eloeit\ of the wind the greater the imount 
of crop residue required 


Itffure 14 6 Soil diifwii^ tisually staih in a fii*. ivliuiahU jpr/D, hU 
tK am in this 1t.xai cotton ftcld iSoil (onsenition Service 

Photti) 


m WIND ERmON CONTROL 

Studies in Canada shoued an increase of five nules per hour m 
wind velocity, one fiKtt above the ground, doubled the amount of 
cover needed Short stubble gises less proteaum than an equal 
amount of longer stubble Stubble gives less ground coverage than 
an equal weight of straw, but stubble is less apt to be removed by 
high winds \ combination of straw and stubble gives more protec- 
tion than eiiun alint amounts of straw or stubble alone 
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ftpue 147 O/H-va} duk huiiv, u\tJ on i^hat \tuhhU tn Ouji^on 
I he Hmhmi dwuld h \it to inn dytlloz. and halt all thi itraw pos~ 
ubhouth mfaii ( Soil ( onsets ition Sen ice Photo) 


Oopping ss stems and cultural u))e rations should be aimed at 
mamtaining covers of growing crops or undecomposed residues 
rhe condition of the plant cover is dcteniimed largely by the 
method of tillage 

Cro))s often leave the surface in condition to blow When such 
crops as com and sorghum are harvested, the stubble should be left a 
fool high or higher Additional protection is obtained by leaving 
two rows in twenty standing If these crops are pastured, the stock 
should be removed while there are still enough stalks with leaves at- 
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tached to furnish protection. Stripcropping aids in the control of soil 
blowing by shortening the distance that loose soil can move. If the 
stri()s are laid out on the contour, water also is conserved. Added 
water helps prevent blowing. 

The land should be tilled in such a u'ay as to cause the least soil 
disturbance. For example, weeds should be controlled by sub.surfacc 
tillage or chemicals, the ground should be cultivated only when 
inoLst; the soil should not be puherized by ullage tools, and com 
and sorghum stubble should be cut to lea\ c a large amount of leaves. 
I.»and left oxer winter in grain stubble or w ith a cover of weeds will 
not blow. Usually winter wheat with a good fall growth protects 
the soil. 

I he w ind erosion prolilcin is so complex that a combination of 
measures is needed. Preparations ten to tw'cnty months in advance of 
probable blowing can be made in connection with prodtictnc crop 
management. This preparation will protect the capital inxestment 
and prex ent expensive repair operations. 

\mong the tro])s adapted to southein Circ.it Plains conditions that 
prfitlucc suitable residues are the xxinttr and spring grains -wheat, 
bark v. ind rxc Of these, xx inter whe.it is of foremost importance. 
Cirasses grow n lor seed, hay, or pasture arc excellent erosion-control 
plants \ll members of the sorghum family produce good stubble, 


riffwr Its. I Im Iixa^ pt'U 'uas wctUd to ^rai/i ion»hnff/ tit litne, 
IHiS, foi ytuhhle tit uhuh to hciI Miieoats t^iatna the folltnjittj^ 
sprung. (Soil Uonscrxation Service Photo) 




Figure 14~9. The 
amount of com resi- 
due in this photograph 
is not enough to pre- 
vent soil blovoing. 
(Soil Conservation 
Service Photo) 


but the mere growing of a crop docs not necessarily insure protec- 
tion. F.nough residue must be left to keep the vi ind velocity low 
enough so it can’t start soil moving. The residue should be left stand- 
ing and planted through, thus assuring a renewal of the residue 
supply. 

The practice of burning stubble and overgrazing stalk fields has 
no place in a wind-erosion control program. Some of the most severe 
wind erosion in the southern Great Plains is due to these two prac- 
tices. Rank wheat stubble has often been burned because of the 
mechanical difficulty of working it into the soil. Temporary fertility 
depression often follows when the stubble is retained. These are 
more than offset by the protection given the soil when the stubble is 
left unburned and by the ultimate increase in productiveness. 

Methods have been developed for leaving this straw on the surface 
of the ground and planting through it. The temporary depression in 
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crop yields can be overcome by proper use of nitrogen. Another 
practice is that of renting stalk fields to outside herdsmen. They al- 
most always leave the cattle in the field until the last scrap of vegeta- 
tion is consumed. Moderate stalk-field grazing benefits farm live- 
stock, but the livestock should be removed before the ground cover 
is destroyed. 

W’here sorghum is cut with a binder for fodder, enough cover 
should be left, and this can be done by leaving one-foot-high stubble, 
or by leaving regular strips four to six rows w ide of headed stalks. 
These strips should be left every twenty to thirty rows. A good 
stand of any of the sorghums will protect the soil from wnnd if this 
rule is followed. 



Figure 14-10. Although this Texas field is subject to severe erosion, it 
has never suffered severely^ because sorghunt stubble is alivays left 
standing as long as is possible vcithout interfering 'with planting the next 
crop. (Soil Conservation Service Photo) 


When corn and clean-tilled crops other than sorghums are grown, 
stripcropping with sorghum or suitable grass is necessary. On light 
sandy soil, the rows should run at right angles to the direction of the 
prevailing winds. The sorghum or grass strips should be spaced close 
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enou^ to protect the other crop. Windbreak strips should be not 
less than four rows wide. Under severe blowing conditions, the 
width of main crop strips generally should not be greater than 
twenty rows. The actual width will depend on soil type, direction of 
rows, and type of crops involved. Under severe erosion conditions, 
strips as narrow as hve rows may be practical. 

No rigid system of either continuous culture or rotation has been 
devised that ct]uals a flexible cropping plan. Such a plan takes into 
consideration the soil-moisturc and fertility conditions of individual 
fields at each successive planting period. Crops should be selected 
that provide maximum cover under varying conefitions. 

Dependability of crop production under the variable system as- 
sures a continuous plant cover. Need for emergency crops depends 
on the success in producing and maintaining residues. 

Properly managed, normal residues of cultivated crops in the win- 
ter wheat areas pnn'idc ample cover, except during periods of pro- 
longed drought. \\‘hcre no plant cover is produced, steps should be 
taken to assure maxiinuni .'ibsorprion of u ater by the soil for u.se by 
the next crop, Kmergency cover crops may be planted w hen there is 
not enough plant cover. Perhaps the summer has liccn too dry to 
produce a crop, the surface residue has disappeared or the rains oc- 
cur in late summer. If so, a stooling sorghum such as Sudangrass or 
dwarf milo should be planted under such conditions. These renew 
the ground covenng for the winter. When winter w’he.it might fail 
leaving the land bare, a dual-purpose planting of w'ldc-row’ sorghum 
for grain should be made as a sulisritute for summer fallow. Milo or 
similar crojis grown in rtiws ten to fifteen feet apart give a partial 
fallow' effect; at the same time, they protect against blowing until 
wheat Is again planted the follow ing fail. Beans, cowpeas, and similar 
crops .should be grown in strips l»etwccn the strips of sorghum, Su- 
dangra.ss, or corn. 

Adequate supplies of soil moisture hold the key to successful 
maimcnance of ample cro)>s and crop-residue cover. Those prac- 
tices that arc most effective in controlling wind erosion arc also ef- 
fective in getting greater amounts of rainfall into the soil. The use of 
plant cos'er, contour cultis'ation, and level closed-end terraces is im- 
portant in this connection. These practices are effectis'e in reducing 
runoff even during the hardest rains. 

In the sprmg wheat areas, the practice of fallow’ing leaves large 
areas of bare land. The practice of plowlcss fallow, leaving all rest- 
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dues on the surface, is the most effectue method for presenting soil 
blouring Houeser, under certain conditions it breaks down, also 
L ndcr this system, t\\ entv -one months or more must elapse betss cen 
the han csring of one crop and the gross th of the next Near the end 
of this period, ss hen protection is most needed, residues may be so 
decomposed as to be of little \ aliic for protection against wind 

In some spring wheat arc is, stripcropping is used to prevent soil 
blow mg The crops art managed m order to produce the best cover 
possible Co\cr crops art seeded on fallow, usu ills about \ugust 1, 
as an idditional protection If the coser crop docs not exceed six 
inches in height, little reserse ninisturt is lost from the fallow The 
moisture used up b\ thi co\er crop mas lie reg lined bv additional 
imonnts of snow tripped 1 hus, yields on coscr cropped fallow arc 
otren about cqii il to those on b irc f illow Pasturing cos er crops bur 
not destroying their protec tise \alue is feasible and profitable in 
some regions 

( onsidcnblc urciecs o^ cultiMted land in the southern (jrcat 
Plims are too s indy or hut mo little rimfill for depend ibic mnual 
Clop production Ihcsc hnds should be put bick to grass Other 
purs ot the western sindy liiuls ire c ipablc of producing excellent 
(tops especnih sorghums If they irc fanned in I irgc blocks, soil 


n^re 1411 \\ tndhnaks on a \anih land lam in loard iounty, 
fixas I hi hanin ana to tlu Uft o iiu mainly to mriU \and trapped 
/»> the tna (S<iil ' onsets itioii Strsicc Photo) 
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drifting may, at critical times, spread quickly from one field to an- 
other. Eventually this involves whole neighborhoods. 

Farmed fields should be small and guarded by permanent plant- 
ings of grass or browse plants, ^'ith reasonably sized holdings, soil 
blowing should be controlled, liecause proper management of crop 
cover and proper methods of cultivation make it possible. This is 
true even in years of drought. Regrassing on the shallower sloping 
and sandier portions of the Plaias is important. 

Legumes and grasses used in rotation with field crops are effective 
in reducing blowing on irrigated areas. For example, in Nebraska 
land in (xiratoes after forty years of cropping was most subject to 
erosion. V\'ith a three-year rotation of potatoes, beets, and barley the 
land lost 74,000 pounds of soil an acre by wind erosion in the spring 
of 1951. Where three years of alfalfa had been included in the crop 
rotation, the soil lost from the land in potatoes was only 970 pounds 
per acre. Land cropped to u hear continuously was 4.4 times as erod- 
iblc as wheat after second-year swectclover. The yields were 19 
bushels an acre for continuous wheat and 45 bushels for wheat fol- 
lowing second-year swectclover. 

TERRACES SUPPORT CROPPING IN THE WIND 
EROSION (X)NTROL PROGRAM 

Unifonu disrnhutiun of the moisture vithin a field is important, 
for It IS necessary for development of plant cover, h'or example, a 
droughty knoll or slojie of only a few' acres may start erosion. Once 
blowing starts, it sprc.tds to or menaces well-watered parts of the 
S.U11C or ad|acent fields. 

'Iltus, level terracing^ (except on hca\y soils) and contour tillage 
are a material supfMirt for a coscr program. I'hey have increased the 
soil moisture supply 2 5 per cent. This type of soil management helps 
save water for droughty periods. Level-closed-end terraces are of 
doubtful value on the heavy soils. The infiltration rate of these soils 
Ls so low’ the w’ater might stand in the fields long enough to damage 
the crops. 

Open-end terraces are best w'here stubble-mulch tillage is used. 
The must practical terrace intcrv’al can be determined by linear 
spacing of terrace area rather than by vertical spacing. The average 
distance betw’ecn terraces on silty clay loam w’heatlands in the Plains 


^ Level terraces have the same elevation throughout their cntiic length. 
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should l>c 125 to 150 feet. On typical areas of this kind of soil the 
vertical interval can range from 0.4 to 1 fiM)t. The height of the ter- 
races should be adjusted accordingly. Where small areas t>f a field 
are very uneven, splice terraces should be built if the uneven dis- 
tance exceeds about 250 feet. Terrace sections should be eliminated 
where this distance falls below 75 feet, but terraces ending in mid- 
field or abutting the edge of the field should have closed ends. 

It sometimes bectimes necessary to change the \ercical interval 
within a field. On the I Iigh Plains, terraces ire designed to retain the 
water that falls within a gi\cn area. \ fixed \crtical interval on land 
w ith slopes of less than 1 per cent causes extremely w ide \ariations 
to occur in linear spacing where relatuely small variations in sIojk 
are located. 'Fhc importance of getting w ater to all parts of the field 
makes adjustment of \ertical inters al and terrace height necessary. 

'rhe terrace cross section best suited to w heat farming is li>w and 
broad. \ broad crown aids the use of machiners in mainraiiting the 
terraces, but a properly built whcatland terrace can be cultivated 
and planted the same as any other part of the field. It can be main- 
tained w ith one triji of a one-was disk plov\ around the terrace an- 
nually. 

Loam .soils iiscil for diversified farming should lit terraced in the 
manner tlescnbed for w hcatland The distance betw een the terraces 
should be I ^0 to 200 feet, however. A narrower base may be used, if 
row -crop production alone is to be }>racticed on loam soil. But, un- 
der scnuarid conditions, a terrace base of tliirtv feet or more is de 
sirabic. 


WINDBREAKS 

\\’indbre€iks can be used to control wind cn»''ion vvher * the rain- 
fall is enough to sujiport trees The utili/ation of trees as windbreaks 
in humid areas where wind erosion is a problem is relatively simple. 
Since moisture is nor a limiting factor, trees f'an bt planted in ac- 
cordance with a standard pattern. However, standard patterns are 
not alw'ays feasilile in areas of limited r.i nfall. Occasional!)', the pat- 
tern of tree planting in such areas must be made to conform to the 
topt^raphy** of the land rather than to a standard pattern. By con- 
forming to the topography, better advantage can be taken of the 

* I'cipogniphy is the cimfigUMtion of a surface, including its relief, the position 

of Its streams, lakes, niads, etc. 
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limited amount of water available. This plan provides for planting 
trees in low places where water rends to accumulate during rains. 
They should Im: planted in drainage ways and similar places where 
snow accumulates in the winter. 

Hie principal value of trees in wind-erosion control is in the 
broader pn>tccrion they give to cultivated fields. Cultivated fields 
may start blowing as a result of e.\posure to dust swept from bare 
roadway's. W'indbreaks scattered over a wide area break up the sur- 
face wind currents. 

Along highways where snowfall is heavy, tree windbreaks should 
be placed on the Ice .side (direction wind blows) of the road. Natu- 
rally, favorable sites exist along level stretches of the roadway. 
Places where surface waters collect, stand in ditches, and soak into 
the soil provide an important additional moisture supply for trees. 
Other naturally favorable kwarions occur along drainagcw’ays and 
small lakes in pasture areas along farm roads. (Control of erosion by 
appropriate vegetation may also help to improve conditions for plant- 
ing on adjacent areas. Sites of this ty(H‘ .should lie dcvcln)H.‘d with 
strict regard t<i the availability of w'ater from the drainage area. In 
some arcaji, it may lx* pos.siblc to obtain w ater for the trees by means 
of diversion structures.* 

Species suitable for windbreak plantings include Chinese elm, 
Ruiisian olive, green ash, cottonwood, and tamarisk. These have 
proved their hardiness in the Panhandle area. 

1 'em|X)rary protection against nibbit injury is necessary for young 
tree.s, which should Ite protected until they are large enough to with- 
stand attacks. .A iicniiancnt rabbit guard t»f wire netting is prefer- 
able. The suitability tif trees for windbreaks varies with soil type, 
moisture supply, and other factors. In general, tall-growing trees 
should stand from eight to ten feet apart in the row, and should be 
interplanted with more shniblike s^iecics. 

Wind-tunnel studies show that the sharjier the barrier the more 
complete is the protection pr«>vided. Rounded shapes have a lesser 
influence than narrow venical shapes. The openness of the foliage of 
a barrier decreases the degree of protection downwind but extends 
its zone of influence, however. 

In addition to protecting the soil from erosion, windbreaks planted 
around farmsteads render another valuable service. By reducing 

^ Structures for diverting water around or from specific places. 
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wind velocine in the winter, the)' reduce the fuel requuemcnts for 
the fanner and the feed requirements for the livestock. Fhey may 
reduce fuel requirements from 2Uo H |)er cent, defending on the 
\\a) the windbreaks are laid our, their height, and the density. Li\c- 
srock protected b\ windbreaks require less feed and gam weight 
more rapidly than those not protected 
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U-12 I jhtl oj ■Liii,ihiiaL\ on ’u.nui iilonty (Stiil Consci\.i- 
tum StiiKi Photo) 


TILl M.r AND WIND EROSION CONTROL 

1 he best way roprc\<nf wind trosion isn* ketprhe surface of the 
triound 1 1 )\ trtd w itli plints .it all timt I he nioie «>fttn a soil is ciilti- 
V utd and the longti it lies baa, the more apt it is to be damaged by 
w ind trosion 

1 he s\ stem that keeps the most nsiduts on the surface is most dt- 
sirible from the standpint ui trosion control Stubble-mulch' till- 
age makes it possible to carrv heavy residues over into thi second 
year This is ini|)<)rrant in years when trops fail or do not produce 
enough cover. 

Stubble mulch should be Itit undistu'-lied until weed grtiwth is 
sufficient to rcquiit cultivation the following spnng This is the 
most effective method of ctintrolhng w ind erosion and is also satis- 
factory for wheat production At Amanllo I esas for an eight-year 
period, average annual acre yields of wheat were identical for early 

^ fillinff the ground in such \ka> is to leave as much of the crop residue on the 
surface of the ground as possible 



WIND EROSION CONTROL 


and late fallow The yield in each case was twenty bushels. With 
late fallow, all the crop residues were left on the surface during the 
winter and spring months 

Standing residues are more effective than plowed residue for con- 
trolling wind erosion during the blowing season. 1 his is especially 
true following years of low crop fields or crop failures Only small 
amounts of crop residues are produced, bur standing residues pro- 
tect With stubblc-inulch tillage following harvest (as practiced 
with carlv fallow ), some of the effectiveness of the stubble for con- 
trolling vv ind erosion is destro> ed 

\\ hen soil is bare, any tillage that roughen the surfai c giv es tem- 
jioiary piotcetion from erosion, b\ ridging or clodding the surface 
soil or by raising subsoil mattiial to the surface \niong the imple- 
ments that have been used f<ir iidging and clodding are the lister, 
shovel oi sweep eulrivaror, deep furrow drill, spring-tooth harrow, 
plow , and piK'ket digger Implements that have been used for bring- 
ing subsoil to the surfiee ire the subsoil plow, moldboard plow, 
lister, disk plow, and grading nuichine If considerable crop lesidue 
IS present, blowing e. in be contiolled by subsurface tillage ' If crop 
residue is lacking, the land is more likely to blow when subsiirt uc- 
tilled than when plowed or listed I ins is because sutisuifae'e tiliigc 
dues not leav e a cleiddy surface 

Shallow tilkige of moist soil increises elodeling of sands loams 
I he ob|e‘er of raising heavier soil inatciial from the subviil is to pio- 
duce a more clodeK stiucture in the surf .ice soils* Surface soils often 
become unst.iblv ()|icr<itions of this character inav do pcimancnt 
good, but because they arc eosth thev should be considered only as 
a tcniporarv sulistitutc for plant cover 

Plant cov er serv es the s,une pur|>ose In addition, it pros ides other 
advantages, and costs less Plant ceiver renewed once a year gives 
more lasting protc'ction than mechanie'al controls, it aids in maintain- 
ing soil fcrtilitv, .iiid keeps the rate of moisiuie absorption at a high 
level 

I'lllage methods offer only tcmporaiy relief If used, they must be 
refieated at mten als during the season They’ are costly In no ease 
should they lie substituted for plant cover (3ncc conditions become 
favorable, either a regular crop or an emergency cover crop should 

* Subsurface tillage is stirring the sulisurfacc w ithout tuniing the tcip suil over, 
such as u ith a sucep set to run flat 
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be starred. Tillage praaices should be used to the maMmuin when 
there IS no plant co\ er. 

RLCONDITIOMNC. L4NDS DAMAGED 
B\ WIND FROSION 

1 he most common effect of w ind erosion consists of removing the 
topsoil to plow depth and piling it up in hummocks or drifts Many 
fields are so rough that eijiiipment i annot be dri\cn o\er them 
1 he first goal in reconditioning wind-eroded soil is the establish- 
ment of plant co\er, which must be preceded, where necessarv, by 
]c\eling This permits onlinarv farming opeiations and ae'e'iimula- 
tion of moisture for the ei op to be grow n 

1 h lc\ cling operation mas be earned out b\ the use of wind in- 
tensifitrs, drag poles, or traet(^r and road grader ( iiinnv sae*ks filled 
with sand and plae-ed at diffeient spacings on th*. erest <if dunes are 
etfcLtnc wind intcnsifiers \fttr the sindbags are in place, e hannels 
ibour thn e feet wide and tour feet eleep ire dug across the dune The 
Sind IS cariK'el out be\ onel the eiest, iiid the sandbags arc low ered as 
the \\ ind blow s the sand fr nn around them 1 his method h is low cred 
i dune about two feet during a single storm It flattens the ticst and 
tonus sm ill dunes si\ to ten feet taither on 

\ drag pole, tight b\ eight »nehe*s, of suflieient length to extenei 
dow n the leew ard slo})e of i dune from the e rest to the bise is used It 
1 ^ dragged along the sharp edge at right angles to tlic cre^st \ tr.icror 
ami road grader mav be used to lc\cl up the held dircc'tlv or to c'ul 
w ind e hannels in the dunes parallel to the direction of rht w ind One 
or more turns o\er the highest points remotes enough soil, thus giv 
ing the w ind a chance to continue the pi oecss \ tw enty foot dune, 
prepared for wind-blast action by this method, was le\eled to five 
feet during a six-month period It was put in condition for planting 
Broomcorn and Sudangrass arc satisfactory plants for use in sta- 
bilizing dunes, because they are more resistant lo wind aetion than 
most crops. 

WIND EROSION CONTROL ON Ml CK LAND 

Wind causes direct soil loss on muck land and may cause wide- 
spread damage to growing crojis Some ot the major damage caused 
by this type of wind erosion is located in Michigan, New' York, and 
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California. In Michigan and New York, the major damage occurs in 
late spring. During this period, the wind picks up large quantities of 
the finely divided material, as well as sharp pieces of muck and 
wood, and hurls these against tender stems of the young vegetable 
plants. A few days of active blowing may be enough to cut off the 
above-ground growth of young plants. 

The critical period in the San Francisco Bay area in California is 
April, May, and June. Here the major damage is done to lands 
planted to asparagus. 

The use of w’indbreaks Is the most effective means of controlling 
the wind velocity in muck areas. Tliey should be placed in rows at 
right angles to the direction of the prevailing wind. 

Tree planting is relatively cheap and easy. Dense masses of trees 
deflect the wind currents' upward and off the surface of the land. 
For each ftiot of tree height, eight to sixteen feet of protection on 
the leeward side is obtained. Three rows of trees with a row of 
taller-growing species in the center .serve to .as.sist the upward deflec- 
tion. Thus, by projier selection and spacing of trees, areas can be 
made relatively free from wind damage. Decreasing the wdnd ve- 
locity prevents soil blowing. Hardy, long-lived, tall- and rapid- 
growing trees .should be selected. Low-growing shrub hedges are 
not desirable or effective. 

The outside boundaries of the area are derermined, then the rows 
of the tallest varieties arc planted. Tiie main defense lines should 
consist of three rows at least eight feet apart— the trees should be six 
feet apart in the row. Crop-row spacings should be adjusted to the 
type of cultivating cquipnienr used on the farm and the tallest-grow- 
ing variety planted in the middle. 

Secondary defense lines should cross the fields, every 330 to 660 
feet, at right angles to the main defense strips. The rows may be 
single or double, and should be .six feet apart with the trees four to 
five feet apart in the row. 

Trees should nut be planted nearer than twenty feet to roads or 
near tile lines. Full use cannot be made of muck-land soils until tree 
plantings are established to break the wind. 

Fall-seeded rye may be used as a temporary windbreak under cer- 
tain conditions. A few rows of fall-seeded rye make enough growth 
by late May or early June to protect the soil. A few rows of rye 
seeded immediately adjacent to a row of newly started willows 
make an effective windbreak. The rye should be on the windward 
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side of the permanent \\ indbreak. Spring-seeded oats or barley han- 
dled in the manner mdicated for rye nia) lie used where rye was not 
starred the pres ious fall. Oats and barley may not grow as high as 
rye, bur they may make a denser w indbreak at the immediate surface 
4>f the muck The use of these grains, or w heat, greatK inipro\cs the 
effectu eness of new ly started w indbreaks 

Oats ma\ be used in single row s betw cen row s ot onions seeded in 
the usual manner 1 he tut row s mas be plai td from m\ to fourteen 
inches apart 

1 he windbreak on muck soils piotecf^ or checks the \clocity of 
the wind for a distance to the leeward ot about twenty times the 
height of the v indbreak. 

( OUT crops are liighh desiiable when iheie is any likelihood of 
blowing during winiei \ co\er ciop of r\e or wheat, planted in 
piiii stand or mixed with oats t't buk\, co\ers •^lie soil complctrly 
It protects the soil from the w ind 

In addition to pioMdmg winici protection, the toots of a e*o\cr 
e top, cs[iecijll\ ot tall gram, w lun plow ed under for the succeeding 
^.rop hold the muck \lotcover. the tiesh oiganic muter prouded 
b\ the cover-crop marc rials tends to increase the si/e of the muck 
gi imilcs [ hese huge r granules aie not ^^) easily moved by the w ind 

I lit soils of ihe Cire it Flams hive been found to be Ivghlv crod- 
iMe b\ wind when ^0 pet eenr oi the total material is less than two 
niilliiiieieis in diameter B\ < oirpanson, an average of 74 per cent <if 
the peat soil materials is less thm this si/c loo, the muck matenal 
weighs onl\ about one tliiid tiut ot siiu!, which means that muc'k 
soils blow easily 

III the Delta area of the inicrioi valle of central ^Jaliforma, ero- 
sion is caused by winds from iht Faeifie Oexan. (a>ol moi^t winds 
fnim the Pacific blow across the ground surface, which is upset by 
the upward rnovemeiit of heated air rising from the dark ground 
surface of the muck lands I he result is a tur«n*h nr mixing proc'css. 
rile- extremes of heat exchange result in the formation of rotating 
columns of air masses that funnel the lighrer heated air from near 
the ground surface to higher clc\ ations 

Approximately 40 per cent of the dust movement in this air is due 
to direct lilowmg of the wind, ^0 f)cr cent is due* to dust w hirls, and 
the other ^0 per cent is due to factors related to crop culture. 

Satisfactory methods of wind control have been developed for 
W)me of the conditions prevailing in the San FTancisco Bay area. 
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They reduce the direct and rotational wuid force arising from the 
bare cultivated ground surface The period of highest wind move* 
ment occurs during April to July The methods include the use of 
protective mulches, residues, stnpcroppmg, or wind barriers in the 
form of trees, shrubs, or crops h amicrs, hou ever, are reluctant to 
adopt them, because they involve rhe use of new types of farm ma- 
chinci) and the farmers don't want to discard their old machinery 
for new 

\doprion of ciop residues as a protective surface cover requires 
ch inges in cultivating cquipincnt \ inodihtd system of stripcrop- 
ping could be earned out in eon] unction with the growing of as- 
|)arigus— rhe piincipal crop grown Such a system should provide 
either 1 live or donninr crop thit would grow higher than the 
crowns of the isparagus ridges during the period of April through 
)une 


Ql I St IONS 

1 Where is wind ciosion most common^ Why is wind ciosion so 
hinnful* 

2 Why ate the hrst dust stoims more harmful thin latei wnts' 

3. What IS the key to wind ciosion control- What is tlic solution- 

4 W hv IS ridging rhe land nor i pemnnent solution to vv ind erosion- 

5 t low does plant cover prev c nt w ind cnision- 

6 W hy do s mdy soils ciode more easily than henv icr soils’ 

7. How do eliy soils differ from sindv soils when being tiodcd by 
wind’ 

8 Why IS high stubble moic effective thin low stubble m pi eventing 
sod blow ing’ 

9. Whit IS niemr by stubble iiiuleh firming’ How lioes it control 
sod blow mg’ 

10. I low docs stnpcroppmg help stop sod blowing’ Why is strip- 
cropping less sitisfaetoiy on el ly sods than on sinds’ 

11 How do wind bnaks pievent sod blowing’ For what distances 
arc they effeeme'' How should they lie put out’ 

12 Under whir eondirtims shiiild plowing md listing he used m a 
wind erosion control program’ 

13. How does wind erosion diniage in muck land diffei fiom thir 
on w heat land’ 

14 W h It IS the pioptr pi oeediire for stibdumg dune sand’ 
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Mulch Farming for Row Crops 


On a few fjriiis in rhe Com Belt and other parts of the countrs a 
m w method that bids fair to alter our iiKthod of grow ing row cTops 
IS emerging l\ed })nmaril\ on eorn to date, it is based on sound and 
well pr«)\ed pnncipUs that ill but eliminate erosion It also con 
ser\cs w ucr, increases crop \ields, lowers erop piodiietion costs, 
ind impro\ es the soil ail at the same time 

Ml \ersions of the new method ha\e the same foundation It is the 
w i\ crop residues and other organie* matenals are bring managed 
Oiher building blocks appeal in the form of wieltr row spaeings, m- 
ereased number of plants per lerc, liberal use of fertilizer and less 
disturbane'c of the soil 

I he new method of farming utilizes plant cover Some use crop 
residues as mulch on the surface of me ground, otiicrs use wide 
rows Sod crops arc grow n on the strips between the corn low's dur- 
ing rhe corn-growing season 1 he mulch or sod erops protcri the 
soil against the blasting action of falling raindrops It also gets more 
of the ram w arer into the ground 

Protec'ting the surface prescr\cs the ,ihvsical structure of the* soil 
and holds to a niiniinum the loss of organic matter and plant nutri- 
ents bv erosion. The increased amount of soil moisture made avail- 
able by^ this process assures larger yields of tlic row crops and a 
greater total yield w'here the sod strips are used betw een the rows of 
cultivated croj>s The outstanding feature of this method is that land 
can be hea\ ily cropped everj* year If need be, the same crop can be 
used year after year, improving the soJ at the same time. 

20f 





Fif^re 15-L Com planted on a contour in Illinois^ in a mulch of alfalfa 
and brovtcfrrass. The photograph shonvs the field after a heavy rain. 
(International Harvester (iompany Photo) 


One variation of the new method of growing row cropg is illus- 
trated by the success of Dr. (leorgc Scarseth (formerly Head of the 
Agronf)my Department, Purdue University, now Director of the 
American Farm Research Asstnuation) in growing com on a run- 
down Indiana farm, 'Fhe fann in Tippecanoe County, Indiana, that 
Dr. Scarseth bought in 1950 made only 25 bushels of corn per acre 
that year. The farm had not yielded mt>re than 30 bushels an acre 
for the previous ten years. 

On May 24, 1951, Dr. Scarseth planted corn with a mulch planter. 
There was no plowing, disking, or ocher soil preparations-thc corn 
was planted through a mulch of weeds and cornstalks. 

One kernel was dropped every eight to ten inches in forty-inch 
rows. I'his gave a stand of 1 7,000 stalks |>er acre. The planter placed 
fertilizer at two depths: 300 pounds of 10-10-10 in a split band, three 
inches deep in the row, to get the seedlings off to a fast start ahead of 
the weeds; and 800 pounds of 10-10-10 in a band, nine inches deep, 
to feed the com as it grew. 

Weeds were controlled but not killed by two shallow cultiva- 
tions. To be certain there was plenty of nitrogen to grow both corn 
and weeds. Dr. Scarseth side-dressed the crop with 200 pounds of 
ammonium nitrate per acre. This was placed six inches deep, a foot 
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from one side of the row . The mtrogcn was apphed July 6, the time 
of the second and last cultivation. 

Rainfall was ample early m the season, but August was vet}’ dry. 
There w as a bad Hclnunthosponum infestation in September. Test 
row s in the field w ere gi\ en less than the full fcrtilircr treatment, 
and showed the need ol enough plant food to do a complete )ob. 
Com must get off to a quick, profitable huild-up in )icld Tabic 13 
makes this plain 


]\Rn i> 


PlK \(KI Fl Kill I/I R IrIAIMIM ^ 11 1 P |*R0III 



f iruh IT 

ProJui twn 

Viofit or 

Iwount oj I L I lit if 

Hud lI ( ou 

( osi 

/ o\\ 

\ii ftmli/ir 
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Ihs 10 10 lO III r u 

lo() KhO 

4A0S 

195 

KXI lbs in to 10 III row 

MX) Ills 10 10 10 at 9 in h 

tii ,)rh 

Si IhP 

‘’6 5’ 

4 IF 

1 <Mi Ills, 10 10 lf> plus '•INI Jhs 
iiiinioiiiini nirriti mcU ilrtss 

lOQ 

1 5k 

M O' 

lot IK 

\\ hk rc no tcrnli/tr \\ is 

Implied there w is 

ilmsof 

70 in icrc 


I III, us(. of tMO pounds of 10 lU lOpir uu didn t quui bnaktvcn 
Iticriising the ftrrili/i.r iiic to 1,100 pounds of 10 10-10 (100 
pounds in iIk tow ind KOO it tunc inch depth) piodticcd a profit, 
liut I sin ill OIK \ SI/ ihU pioht v is not ohnincd until the fcnih/cr 
w IS iiKicistd to 1,100 pounds of 10 10 10 plus 2(M) |>ounds ot am- 
nioniuni nitrite is side dicssiug Production costs r.in up to $8S 07 
IP icrc, but the profit w is $101 lb 

I his method of growing corn is ised on will established ex- 
pel line tiral findings It IS well known tint l■luichcs get more water 
int<» the ground, hold the moisture iKtter, and present erosion 
Plenty of plant food was applied to meet the requirements of both 
weeds and com Sufficient quantities of plant nutrients weic added 
to grow 1 ^0 bushels of com jier acre under fas orablc conditions 
The com was planted thick enough t(< get 17,000 plants per acre 
I his w as needed to produce KM) or more bushels e om per acre Cail- 
tivation w as held to a minimum in order to hold deiwn erosion and to 
preserve soil tilth. 

1 he soil on this farm was protected a full twelve months of the 
vear Stalks, shredded when the com was picked, provided a mulch 
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cover dunng the u inter, vi the mulch plinter did not disturb this 
co\ er I \v 0 h^t cultn irions u ith disks knocked down and stunted 
the weeds lint did not kill them V\ecd growth in the spnng and 
early suiniiier, plus stalk mulch, held the soil The plant cover pre- 
vented erosion despite a neir eloudburst that badly eroded nearby 
elein eulmared fields 

( lein eulriv ition is i poor pneriee \\ teds, fed enough nutrients 
so that they vion t rob the eiop, mike good cover They can be as 
iiiipoi rant is tiov er or gr iss in building ft rtility ind prev tnring ero- 
sion, by supplying orginie tiiittei improving soil tilth, ind provid- 
ing cover \\ teds did not hurt the tom yields in this field, because 
the torn pliiits, stiiiuilited by plenty of plint food, ourgrtvv and 


if 2 \lnUh plwtii UnUh planunv piruhuis ntltt^anJ •o'u 
(top\ inulii wil t/z/piOLtm^ lathii thm soil dipktiiiti irmiinoih h) 
toinhiniii^ /s 0 litufuii' pn:iiti(<\ iivmlv (I) ymiiitviiinti a iirilth 
ou top ol ihi tiioiiiid to Htiitd ( ooon \iotn •utnd vid s i/ci iiivntaw 
ini' opiii n/ijan soil \tiuttini i Uii iiitaii vii ii'aktHt’ 

fitiWHtmt itu of ( top n\tditt^ to u/pioi .1 \»il iilti vid fiiitlit^ vii i2) 
ittakinir moti iUutiiii //u t/ \oil t/toMUh vi i ihtwnil futilikin to 
iniHitu nop \itU\ nMiPiHi, II mil nmtii i.oliiims of oiiraiiit 
mattn jot fiiitin iinpio^iimii oj soil tilth and fi.itilit\ (Inteini 
tionil 1 1 II visit I ( miipinv Photo) 




liirtnf /5 ? riantitti uith /f/idd [t'wtti »u Jlliuois \ou thi htny 
f/ft/kh oj thoppiil \ttthnt on thi uofii of tl\ rianJ Int^ n} thi 
io,^\ ( IntLinuionii I liiv^stci ( onipim Photo) 


iiiulK slinkcl ♦*!(. weeds \ tltu k St ind < i e»>in is iK^dtd tc» do this 
Intest tows I lOOpoundsot lU lo piodiu ed onl\ > bushels 
nl corn 1 heie w isn t enough niiio^iii b»r both weeds ind coin 
I he suicdtessing of in estii imuiihIs of nu!oi>in I twisted coin 
Melds to IZ'* ’» bushils in leie 

PI lilt nutrient used b\ weeds is toml e i,>it il it it is not lost by 
eiosni I he e i|)Uil IS in the OniiM f oi Mine nutter un|Uo\ed tilth, 
nidfertilir> indwillslun u|» n vtnioinliter 

I his method with some nioditie irions produeed in iieiiQe of 
9 Inisluls of eoin pet »ere in 1 the mow me* se ison of whieh 
w isefn ind hot In iddit < n the eorn took ]ust three hours ol ruin 
ind rrietortime (the uer ^^nie ist»n luiurs) per leie thus illov\ 
inij 1 siMiiij of (M) per in min muhirieeosts done 

\D|lsr IIRflll/lR \NU pr It) MOISTIRI 

I his new me thoel of tjrow int; eorn is b ised tin the issiimption ih it 
enough fertili/er must be used to feed the lirgcst numlici of pi mis 
the aeailablc moisture will suppiut I his is the onl\ w i\ to get lop 
Melds 

1 odiv in the ( oin Belt ind in irrigited seeiitms the reeomnien- 
dation IS around 16 000 to 20 000 pi mis per lere 1 he number of 
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plants to use depends on the soil, fertilization, and other factors. This 
is also true for the Northern states, where single-ear hybrids are 
used. In the South, where t^^o-ear hybrids are used, the range is 
from 10,000 to 14,000 plants per acre. In the Great Plains, it runs 
from 4,000 to 6,000. 


WIDE ROW SPACINGS 

Wide com rows— 60 indies, 72 inches, and 80 inches- arc gaining 
in popularity. By spacing the plants dose enough together in the 
rows, w'idc rows produce almost as high yields as 40-inch row's. In 
addition, they allow the production of sod crops in the middles 
during the corn-growing season. Robert \rnold of Grccncastlc, 
Indiana, harvested 7^ bushels of coin per acre in IPH from single 
rows 80 inches apart. I le also giew an cscdlcnt pasture crop in the 
middles for his hogs, 'led runk, McLe.in (.‘ounty, Illinois, planted 
200 acres of corn-a row every 60 inclies--wliich averaged 90 
bushels per acre. .And he got a gtMid stand of legume-grass seeded 
in the middles. 

Funk’s Research Acres in McIamii ('ounty, Illinois, obtained 122 
bushels of corn jk’I .icrc in 40-inch rows, with eveiv thiml row 
missing, 125 bushels per acre, with com in single 60-inch rows, and 
99 bushels per acre, w ith corn in single row s 80 inches w ide 

In tw'o years ot tests, single 60 inch rows produced more than 
com planted in 40-inch rows I he 80 inch rows at Research .Acres 
show'cd alxHit a 15 per cent ilecreasc in yield compared with cus- 
tomary 40-inch planting. 

Wine ROWS GIVE BETTl'K S 14 N 1 >S OF LEGUME.S 

Yields arc onlv a part ot the story the grass-legume scedings 
showed up well. Atlantic alfalfa, Kenland red closer, ladino clover, 
and bronic w’cre seeded in the middles The stand of gravs-legumes 
111 1955 in the 60- and 80-inch corn middles was better than where 
seeded in oats or wheat. 

Despite a very dry August, the summer seeding of grass-legume 
in w'idc-row com w'as about a.s gtxid as the seeding with oats, thus 
making corn su^ierior to oats Com produces about a hundred 
bushels per acre and oats only a'sout fifty. In addition, the oats fre- 
quently lodge (fall down) because of high fertility. When oats 
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lodge, the grass-legume seeding is smothered out. By eliminating the 
oats, a com-lcgume-corn-legume rotation can be followed, allowing 
half of the land to be in corn and half in legumes. This gives a 
higher cash return and plenty of legumes for a livestock program. 

PRESENT FARM MACHINERY INADEQUATE 

Farm machinery in the Corn Belt was designed for use on 40-inch 
rows and clean cultivation, and is nor suitable for use with wide 
rows. The mulch planter is .solving the plowing and planting prob- 
lem. The mulch planter and the use of weed killers are practically 
eliminating the need for cultivation. The corn pickers and certain 
other types of machinery need to be redesigned to meet the needs of 
the new method of growing corn. 

nitro-(;ra.ss rotation for corn 

T he Illinois Agricultural I'xpcriment Station is developing one 
modification of this method of growing corn: It uses grass and nitro- 
gen fertilizer instead of legumes for soil improvement in cropping 
systems, riiis is called “nirro-grass'' roiaticm, which produces maxi- 
mum corn yields and gives complete protection against soil erosion. 

c:h£ap nitrogen forces change 

The use of cheap nitrogen assures significant changes in corn 
production practices. Hie legume program for grain systems of 
farming has limitations imposed by the nature of the program. Well- 
managed Corn Belt farms arc so productive that yields arc held back. 
Legumes do not provide enough nitrogen for the high yields made 
possible by the rotation. 

Ordinarily half of the land remains bare and subject to erosion 
becau.se it is in corn and beam. Thus, erosion control is only partially 
achieved, because the organic matter content cannot be maintained. 
C fCtting a stand of leguntcs is becoming most difficult. 

Some of the limitations of the legume system can be eliminated by 
use of cheap nitrogen. The cheap nitrogen helps the legume pro- 
gram, especially on second-year corn, wheat, or oats, and on first- 
year corn when the legume does not develop fully or fails. 
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CORN BELT IS GRASS COUNTRY 

The Corn Bclr was grass country. Thousands of years ago, the 
grasses in the native prairie vegetation rook over and reduced the 
native legume population to around 3 per cent. As soon as the 
legumes had built up enough nitrogen in the humus to meet the re- 
(juirements of the grasses, they were crowded out. 

Kxcept for nitrogen fixation, grasses arc far better than legumes 
for many purposes. Cirass pastures do not cause bloat in cattle; pure 
legume pastures do. (jras.ses form better, tougher sods; legumes usu- 
ally form relatively poorer sods. Sweet clover and soybeans actually 
encourage soil erosion, (irasses form a better granular or crumb 
structure in soils. Stands c)f grasses are, in general, more easily ob- 
tained than stands of legumes. 

Most important in the (>orn Belt, gra.sses can be fall-planted and 
amount to something for late fall, winter, and spring cover and pas- 
ture, Kxcept for vetch, which is uncertain, legumes cannot be fall 
planted and used for this purpose in the (k)rn Belt. 

These arc the reasons why big changes in corn production meth- 
ods in the (k>rn Belt may be expected. W’ith all these advantijges in 
favor of grasses, there appears to be no gooil reason why grass and 
nitrogen cannot supplant the legumes. 'Vhis is especially true, since 
nitrogen makes grass approach legumes in protein composition. Wc 
arc concerned here only with legumes used in grain rotations, pri- 
marily for soil improvement. 

More .study <if the effect of ‘'niiro-grass** rotation on the manage- 
ment and nitrogen fertili/ation of the grass is needed I)cfore specific 
recommendations can be worked out. ( irowing grass without nitro- 
gen and urili/.ing the residue for corn can reduce yields, rather than 
incrca.se them. The grass, in decomposing, uses nitrogen needed for 
corn, but the result with nitrogen-treated grass can be different. 

With no knowlcilgc of lum to handle the grass (rye was planted 
l>etwcen the rows in the middle of August), the Illinois Agricultural 
I'.xperiment Station obtained 89 bushels of corn per acre annually. 
I'he study lasted four years. I'ach year, enough nitrogen was used 
for the corn and to decompose the rye crop, too. 

RYE IS SHREDDED 

'rhe waist-high green rye was shredded at corn planting time. 
The corn was planted and fertilized in one operation, with the 
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mulch planter, and most of the chopped rye remained on the surface 
as mulch. 

In addition to producing an average of 89 bushels of com per 
acre, this practice increased the organic matter supply of the soil. 
It also practically eliminated erosion and did improve the structure 
of the soil. A mulcli w as provided all summer, and this increased the 
biological activity of the soil to an all-rime high. Legume rotations 
only partially achieve these objectives. 

The only concern is that perhaps some of the organic matter 
could be used more economicallv. It mav be better to use some of it 
as feed for livc.stock, rather than returning all of it to the soil. I'aghr 
crops (one of corn and one rye each year) in four vears will 
produce a lot of organic matter. It may not all be needed for mulch 
covci, so perhaps the rye could be used more economically for 
moderate grazing in the fall and spring. It may even be mowed early 
for grass silage. 'I'he shredded ct)rn stalks should provide adctjiiate 
ewer and erosion protection. Lhe kind of gras.s to use and how it 
sluiuld be handled needs further study. I'xpcrience indicates sonic 
such nitro-grass program holds the key to high production. High 
yields mean low costs per bushel. 

GROW C:C)RN OtTENER 

Such a cropping .system makes it po.ssiblc to grow corn every year 
on the same field, improves the soil, and increases the yield at the 
same time. There is nothing to imlicaie this practice will lead to 
increased difficulties from insects :nd disea.ses. 

l\y using such systcni.s, corn can be gn>wn oftener and more 
profitably. If the grass can be used a" a crop, so much the better. 
Soil organic matter maintenance, and even its increase, vdll still be 
achieved. W ith two crops a year, competition from pasture-grown 
beef can be better met. Returns per acre can be even higher rhan 
from just 90- to 100-bu.shcl corn. In addition, of course, practically 
complete .soil ero.sion conrnji is thrown in a.s a dividend. 

.\DD IN.SECTICIDES TO lERTILIZER 

Another noteworthy development in this cornfield improvement 
is the use of fertilizer as a “carrier” of insecticides. Rootworms, 
wirewomis, cutworms, and beetles can be controlled for $2.00 or 
$3.00 or Jess per acre, by using fertilizer a.s insecticide carriers. In 
Kentucky, fertilizer-mixed aldrin (one pound per acre) or chlor- 
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(hne (two pounds per Acre) b(*osred corn yields as much as nineteen 
bushels an acre This increa&e uas obtained, e\en though the check 
plots showed little or no injurj from corn rootworms or other in- 
sects The corn plants also w ere faster growing and earlier tassekng 
At these loss rates of use, there is nothing to lose and a lot to gam, 
even if the S(mthcrn rootss onn does nor ittack vour field 

SEED WHr^l IN CORN 

I he Ohio \grieultiir li I vpcrinient Station is finding it profitable 
to seed uheat in unharsested com I he corn is planted in 70-inch 
rows, and the ssluit is seeded in the wide middles at the flv free 
date I his piactiee dclavs corn hirvesring until the corn crop is in 
condition foi it ind ilso pros ides i longer growing scison foi the 
u heat 

Most of the loss in \ leld e lused bs wide low spicing is nude up 
1)V utili/ing more of the grow ing se ison The aserage result should 

ht^Lre IS 4 futit pla/itw^ ha'u.itn u,uh Kfus of cof/i Vetc/ avd 
Uriahs w A? wih w'us at If oostn Ohio I hi ziith and z^ffi 

ULdtd in late lunt 19^1^ thi photoi^iaph 'uu taken about tnjrmt 11 
I9S3 (Ohio Xgnciiltut il I xpennitm Station Photo) 




ftgure 15 ^ Corn phvittd in aljaljd wJ w Illwon J he alfalfa sod 
pun its the soil \utm itouon unuaH\ thi dfnonnt of lain'uatir that 
units thi onnJ and intpi ozts < oi r > u Ids { Iiitti nanon il I Hrve* ttr 
( <iiiipanv Pluito) 


l)c .ihdur three bushels less of com, th»‘ce biishtls moie w htat, hetrer 
qualitv of both erops, and oideilv seijuenci in f til faMn |obs 

1 he fanner v^ho does nor sow v heat after eorn e<)uld profit by 
planting eo\cr or meidow crops diiectlv m the growing co'‘n I x 
pcnincnts with row spaee widths at \\(H»stei suggest the idei that 
such a system can be practic il, or at least as practical as anv sjstem 
that depends on summer set ding of sn d* seeded erops 

MLUH 1NCRI\SIS CORN YltLl) 

Corn land at Wooster, Ohio, mulehed in 1953 with ten tons of 
manure per acre produced ntaily eight bushels of com per acre 
more than similar land with an ce|ual amount of manure plowed 
down. In 1951 the increase was elcycn bushels, in 1952 it was ten 
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bushels. The increase from using a two-ton mulch of straw in the 
summer of 1953 was sixteen bushels per acre. 

Soil moisture in August, 1953, was 3 per cent higher under 
manure mulch and 4 per cent higher under straw mulch than in 
unmulchcd soil. Four fanners who tried the practice in 1953 got 
increases in yields of six to nineteen bushels. 

The water-saving capacity of mulching was again shown on run- 
off plots at Wooster in 1953. Unmulched soil lost more than one- 
third of the rainfall by runoff, hut the manured mulched plot lost 
only a small percentage. It is the bedding in the manure that does 
the job: The more bedding in the manure the more efficient mulch 
it makes. 


ADEQUATE USE OF FERTILIZER 
POINTS WAY TO HIGHER PRODUCTION 

The science and practice of using commercial fertilizers are un- 
dergoing radical changes. The possibilities for increasing farm effi- 
ciency by eliminating low soil fertility are just now being appreci- 
ated. There has been recent research on the application of required 
nutrients that showed it is possible to produce high yields or poor 
soils in favorable seasons. 

By using appropriate soil-building programs, much abandoned 
land is being made more productive than when it was first cultivated. 
Some fields that were once considered suitable only for trees or 
rough pasture arc now producing profitable yields of corn and other 
crops. 'Fhe wide difference in the original productiveness of virgin 
soils has been almost eliminated in favorable seasons by use of ferti- 
lizer. 


ORGANIC MATTER IMPORTANT 

Our past crop yields have been closely associated with the quan- 
tity of organic matter in soils. Probably over 95 per cent of the 
nitrogen and over 50 per cent of the phosphorus absorbed by croi^s 
on unfertilized soil come from organic matter. With soils high in 
humus, and conditions ideal for organic matter breakdown, yields 
are usually high, bur in excessive!)' dry or wet seasons, these nutri- 
ents arc not released. Yields are reduced. 

Crop rotations including legumes have been w'idely used as a 
means of restoring soil nitrogen and organic matter. The value of 



MULCH FARMING FOR ROW CROPS 


217 


these legumes hjs been almost universally accepted ^ ct under prac- 
tical farm conditions the\ actuallv ha\ e added only limited amounts 
of nitrogen and hidden erosion losses Legumes add nitrogen and 
fuinish soil eo\ei, but they remoxe more miner ils from the soil than 
d(» grain crops This is | irtieularly true when only the gram is re- 
nio\ ed 

In Missouri, sivtv fut ycirs of difFtrem cropping systems show 
soil chmgts troni different crop sequences ind soil treitments 
Where legumes ind gnsscs weie included in crop rotitions on 
unferrili/ed soil, the soil now eonruns less phosohoius potissium, 
e lie Him ind magnesium th in w he re coi n or w he u w is grow n e on 
tmuousK The hrst enqiping system thu filled wis continuous 
elo\M grown without teinli/ei \ltei hftctn ycirs this system y\ is 
ihmdoned 1 his crop (\huisrcd the nnneiil nutrients of the soil, 
w huh were remoxedin the hiy 

1 egunies ire grown is green ininuie crops for soil improveiiiMit 
on ininy iirnis lloweier whcie Inesfock is producwd, the use of 
ieournes piim inly for soil iniproicment is more inidcilthin ircil- 
ir\ Most leounus ire used is livestock feed It is re iscmtd tint where 
111 mure i> retuined the soil is henehttcil In some regions winters 
lie s<i severe tint him feeding is reqi ired I lowevei, the imount of 
in mure returned is too low to he of nuieh \ line In ipiieh of the 
sourhern two thirds of the I nit eel Stue* mo^t winter feeehng is 
ilone in pisturts I here is little in mure to be returned to c ultivated 
fields 

I peiimerits >how tint ley me do nc t furni h mfheient nitrogen 
foi optinuini corn yidds 1 he uielition of elumieii nitrogen y\hen 
lc«ninies ire tiirneei under his given pr« irihit me re i‘es in y leld 

I mi I 14 

y I I IIS Ol ( ORN I III III MNt I I I Ml \\ nil \ VV mi II I Si I 1 1 1 mi MAI 
\lliwi I-N • lllRII yi\K\UH\fl Pi I V SlI I I )\M 

} H 
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/ olio 4, mi, 

U iti flit w 

n isicl > 

Nuroi^tn 
1 1 bflh) 

Rid elover 


101 

Sweet eloxer 

>1 

10 

1 (spedc/s 

Hi 

M 

Soybeans 

8“* 

110 

I tnuirhy 

4 

95 


* Mineral treatments added in quantitiu to remose them as liniiiing factors 
in pniduction 
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Chemical nitrogen is lieing used in ever increasing quantities 
Conscc]ucnilv, the need for additional minerals to maintain a proper 
balance is a necessity for maximum \ iclds of quality crops 

sou TESTS SHOH NUTRIENT NEEDS 

\s soils declined in fcrtilirs snnil iddirions of phosphites and 
mixed ferrili/crs ucre ipphcd to impnAc yields For years both 
expel iincnts and f urn practice itremptcd to derennine the minimum 
quantities of fcrtili/cr thir would gue i profit ible yield In only a 
few c iscs, the qinntiiy of nutiicnts ulded w is large enough to re- 
phee tint which w is removed in crops I osses bv erosion also had 
to be repi leed, eonse(|iientl\ soil fernlitv eoiuinued to decline 
It ioimeilv w IS possible to determine nutrients needed for i given 
soil tvpe thiough held experiments But pist minigeinent has 
ehinged soil nutrient levels so greitly thu mote v iiiations mi\ be 
found on idjomimr i inns with similu soils thin between soils with 
widely ddrerenr ehirie terisries \\ ithoiit soil tests it is not possible 
to determine tftc limiting f letors in pi int grow th 

Addition of plint nutrients in fertih/trs to bring i low fertility 
soil up to high lertility nuy involve i cost ne irlv etiuil to thtfv due 
of the hnd In the interest of f um efheienev ind be t plmt growth 
only those nutrients th It ite deheient shoulil be idded 1 xperiinents 
hive show n thu iddition of i nutrient die idv present in ulequite 
amounts 111 i\ depress ruher thin bene hr yields ind(|udir\ 

IMLRPKlllNt. sou lisr Rise ITS 

Orginii inittei is iliout v per eent nitiogen L nder eonditions in 
the ( orn Belt from 4 to 6 per cent of this nitrogen is releised on 
smdv soils Slit loiins rele ise from 2 to ^ per cent ind loims ibout 
1 >4 to per vent If isoil indy sis shows 2 pet eentorginie matter, 
the suifiee seven inches (2 000 000 pounds) would eontiin 40,000 
pounds ( onsidering i content of S jhi eent nitrogen this sod would 
eontiin 2,000 pounds of nitrogen, or 1 (U)0 pounds tor each 1 per 
eent orginie muter If the sod w is i silt loim ind from 2 to ^ per 
eent of the nitrogen were releised mnually, then this surfiee sod 
eoiild provide a corn enip w ith from forty to sixty pounds of nitro- 
gen I his w ould produce thirty to forty bushels {>cr acre 

Ihese methods of calculation have given good cheeks with field 
experiments T he high levels of release ire obtained in good seasons 



219 


MULCH FARMING FOR AOIF CROPS 

and the low levek in excessively wet or dry years. A suminary of 
208 com fertilizer experiments conducted in all pans of Missouri 
showed that nitrogen applied according to soil tests increased yields 
from 56.9 to 97.3 bushels. This was an increase in yield of 1 bushel 
for each 2 .2 pounds of nitrogen added. 

Small grains make most of their growth during the cooler season, 
when organic matter breakdown is slower. Satisfactory results have 
been obtained using values for release of nitrogen from the soil equal 
to one-half that used for corn. 

Phosphorus becomes a limiting clement when levels of available 
nitrogen are increased. Field results indicate that for maximum 
yields of wheat and clover, the soil should show a reserve of near 
200 pounds of phosphorus |)er acre. F()r corn, .soybeans, and oats, 
it should be at least 100 pounds. 

Potash needs are increased as \^•c remove more legumes. Best re- 
sults with corn and cKner have been obtained with tests showing 
potassium levels of nearly 300 pfiunds per acre. A 200-pound level 
appears adequate for soybeans, wheat, and oats. Recent e.vpcrimental 
work suggests it may be desirable to add much greater quantities of 
potassium than these, except on clay .si)ils. 

rhere arc indications that .soil tests may be of more value in deter- 
tnining when a soil contains sufficient lime than in determining the 
amount to apply. Recent re.sts show that s(»mc soils have been over- 
limed, creating potassium and boron deficiencies. Where high cal- 
cium liming materials have been used, magnesium is becoming a 
limiting element. Doloinitic limi:stone is not effective if soils are 
near to neutral. Soluble magne.sium compounds niu.sr be supplied 
to correct deficiencies. Soil tc.sts for •.Icrerinining rhe liming status 
of the soil arc probably the most depcr-dal)lc of all in u.sc. 

GOOD .SOIL SAMPLES ESSENTIAL 

Soil testing still requires some checking with field cxjieriments. 
Its value is attested by the number ov rests being made in all parts 
of the country and the results accomplished on farms. The weakest 
link in the soil testing program is poor samples. 1 oo many samples 
are inadequate, or fail to be representative of the area tested. A poor 
sample can result in improper diagnosis of nutrient reserves, thus 
causing improper treatment. For be.sr results, a composite sample 
of at least six borings should be taken on each five acres (smaller 
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areas on fields of highly varuibic soils) I'hc average results from 
all samples of a field are considered in determining the soil treatment 
program 

ADEQUATE NUTRIENTS REDUCE SEASONAL H4Z4RDS 

Interest in adec]u.ite ftrtili/ation is the highest in history, but the 
dread of losing both crop and fernli/tr in iinfa\orable seasons per- 
sists, In , some areas of Missouri experienced the heaviest rain- 
fall on record 'I he State F xpenincnt Station found that where 
nitrogen was plowed down and minerals had been pro\idcd, the 
corn outgrew grass and weeds The added nitrogen, substituted for 
that which is nonnally provided by organic matter, nourished the 
plants w ell enough so that the yields w e i e w ell ibo\ e a\ erage 
The seasons of and w ere extrunely dry I he fa\ orable 
response in these years dispelled the fear of losses in dry seasons It 
encouraged the use of soil resting and the applieMtion of feitili/er 
to provide ideqiiatc nutrient resenes Fot tvample, where moisture 
WMs too short to produce eorn giain, adeciiiare nutrients in inaiiy 
cases produced enough fongt tot wintei feed 

In a corn experiment at (ailiimbia in 19^2 adc(]uare ftitihr^madc 
the difference l>ttv\cen piofit and loss Only inclus of rain tell 
from Jill) f to \ugust 8, and the axetagi maxnnuin temperature 
was 91 degiees \\ here no nitroge*n was used, the highest loin yield 
w as W buslie Is ( I his w as obtained w ith a thin stand ) 

Wliere the corn population w as increased, y lelds dee lined Where 
lift) pounelsof nitrogen were plowedelown, the highest yielel (61 6 
bushels) was secured with a population ot 11,000 plants AN'ith 
thicker planting, the yielels again went down Ihe addition of 120 
pouneis of nitrogen gave the highest yoeld, which was S6 2 bushels 
from 14,()()0 plants But where 2^0 |x>iinds of nitrogen were used, 
the high yield was 97 I bushels from a stand of 17,000 plants per 
acie Under these conditions of short i iinfall, the heavier rates of 
planting decreased ynelds only wheie there was a sliorrage of nitro- 
gen. Pioviding plenty of plant food made a limited supply of mois- 
ture more effective. 

RESIDI^AL EFFECT OF FERTILIZER 

In the past, the entire cost of fcrrili/cr treatment has been charged 
to the crop treated. With heavier fertilization, residual effects arc 
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srnking here nitrogen w as applied to com at rates of 200 pounds, 
tht increase in yield of the follou mg w heat crop w as enough to pay 
tor the nitrogen T he increisc in com yield was net proht Similar 
rtsiduil responses w ere secured w ith oats follow mg e orn w hen ferti- 
li/er w IS used aceoiding to soil tests 


TABU l^ 

R\IF Oh VPPI II AIION \M> RtSlDl \I 1 1 1 !•( I (>| \|IKOi I N 

}»tli\pir tin 


\ttr Lin tppl c ^ 
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S il III u 1 to / H f ’ ’ 
( II ml (N) pounds on wl 


( orn 

■* > t ir I c r u I 

(H Ifh) 

W 

Os 

10> 1 
114^ 

116’ 

K) |H 111! is hkI } hosph III 
If 


II /iir 
! } tif It 
(1 iislils) 

IHO 
1/ I 
■>» y 

2H 0 

s \ I'* It {Hmiufs on 


iiRriii 7 i n\ pRrscRiPiioN 

I lu I nncrsir\ of W isconsMi Ins ikxiloixd i nathod of fcrrili/- 
inir crops h\ puscnprioii I he \\ i\ sucii picscriptHnis iit \xriri.tn 
IS rchrucls simple Ir is hi'^cd on the fut plints cm get lurain 
jsrccnriircs of mtrotren phosphcmis ind pemssuim fiom the soil, 
iiimiiic ind Icrtili/cr I htsc pcittniigcs iic gixcii foi corn in 
1 ibli 16 


I \Bi I 1 
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SouFi I of N r an I K 


Soil ( \\jilablt Picstni) 
Manun ( f oti) Present ) 
r LFCili/cr ( \\ailablc Pic sent) 


l\ n i n*ai < Obtatm i by ( rof 
iJtirmtiOnL Si awn 

\ H K 

40 40 40 

to SO 

60 M 50 


A 100 bushel crop of eom rcijuircs I >0 pounds of nitrogen On 
the basis of the estimate, it can get only 40 }>er eeiit or 80 pounds 
from a soil that contains 200 pounds jier aere eif a\ ailablc nitrogen 
Ihe 70-puund difference wdl have to tonic fimn manure and or 
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fercili7cr. Only a portion of that applied is available, as indicated 
in the tabulation above Oinsequenrlv, appropriate calculations need 
to be made in urinng the fcrtili/cr prescription for nitrogen, phos- 
phorus, and potassium 

(.top composition vanes considerably, but for purposes of these 
calculations, the avenge amounts of plant foods contained in the 
tops and roots of the crop at the stage of maximum uptake suffice. 
1 he amounts of nitrogen, phosphorus, and potassium used for three 
crops under consideration are given in Fable 17 


I \BI I 17 

Poi NI»S PI R \< Rl OI NiiRCK IN, PllOSPHORl S, AND Poi \SSIl VI 
IN ( OKN, S( ( AR Bri IS, AVD PolAJOI-S AI S II IDS InDK All |> 


( rop 


( «rn 

Sugir Bids 
PotAtfH,S 


VoanJi ptr ten tn ( rup 


Atn 1 uld 

Nitroein 

Vhosphorus 

Votawiwn 


'iV 

f a\ I'jO ) 

( K J)) 

](K) BiishtU 

150 

60 

120 

20 funs 

155 

60 

195 

500 Bushels 

210 

70 

2W 


Ihe calculations invoked lor writing the tertili/er prescription 
for anv paineular held arc relitivelv simple I his is illustrayid bv 
the follow mg example, where i piesciipnon foi lOO-bushel vicid of 
corn IS giv cn 

Suppose the soil test shows pounds pet uic of a\ iilibic nutrients 
as follows 


Nitiogen -2(K) (N; 

Phosphorus iP) oi M) when eonxcited to teitili/er phosphate 

(PX)J 

Potassium 125 (K) <»r l^o when conv cited to lertili/ei potash 

tIvO) 

I liter the results of the soil test figures tor nitrogen (N), phos- 
phate (IM)r,). and potash (K O) in i tabluarion as shown in Fable 
18 (calculate (using percentages above) the amounts the crop will 
actuallv get from the soil I stimate and list the amounts of manure 
and or fertilizer that appeal to be needed The\ should give approx- 
iinatelv the amounts of nutrients required for the 100-bushe* yield. 

I he figures for nutrients thus supplied arc next entered. Then 
the icspcciixc amounts obtained from the percentages in Table 18 
the first crop can get are entered Fhe total amount the crop can get 
IS next deteniiined If this total is close to what is used, the )ob of 
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TABLE 18 

Formulation of Fcriilizer Fbescription on Basis of Soil Testts 
AND Manure Applied for IOO-Busiiei. Corn 


Source of 
Nutrient 

Pounds Nitrogen 

Pounds Phosphorus 

Pounds Potash 

FAcment 

Present Crop Gets 

Present 

Crop Gets 

Present Crop Gets 

Soil (Available) 

200 

40-;^ or 80 

80 

40‘% or 

150 

40% or 60 

275 Lbs. Ammonium 
Nitrate 

90 

60% or 54 




401) I.bs. J-9-18 

12 

60% or 7 



71 

50% or Jft 

4«l Lbs. 4-)6-16 

16 

60% or JO 

64 

JO-',, or 10 

64 

.<0% or j: 

Totals Crop .May Get 


151 


ft? 


128 

'T otals Needed 

. . 

150 


«0 


120 


writing the prescription or formula for the JOO-bushcl crop is com- 
pleted. 

In 1952, soil samples were collected from 173 fields in ten sourli- 
ern W'isconsin counties and were analyzed for /)H, available nitro- 
gen, phosphorus, and |>otassium. Fertilizer prescriptions were then 
written for individual fields, using the method described above. In 
addition to soil test results, the amount of manure applied and crop 
tn be plowed under were taken into consideration. 

Corn was to be drilled or hill dropped in order to have 17,000 
plants per acre. Cultivation was to be shallow, with only one or two 
cultivations, thus preventing root pruning. 

'N'icld results were obtained by harvesting four SO-foor rows. One 
row' was in each ejuarter of the field. .A composite sample of tw'chc 
ears w'as taken for moisrure determination ami dried in the oven. 
Yields w ere then calculated " > a ! 5 per cent moisture basis. Accurate 
records were obtained from 173 fields on 102 fann'i. I he yield data 
arc given in Table 19. 


TABLE 19 


Yields ok Corn in 1952 Ffrtilizw* in ALtx)Ki)As<.f; uirii PKESf.RiprioN!» kor 
100-Bl'Siif.l Viei4», Amramiw# Ar.roKi«iN«. lo Popila i ion 



Nwnber of Fields 

Avcraiie Yield 

Average Com 

yield Ranges 

in Each Range 

tor Each Rattgc 

^iiuiihfh pfr 

Popiilation 

Omtheb per aen>) 


•cnO 

ihtnikfi |H*r acre) 

Under ]00 

15 

92 

13,370 

100 to no 

18 

106 

13,790 

no to 120 

31 

116 

14,280 

120 to no 

40 

124 

15,200 

no to 140 

38 

134 

15,420 

140 to 150 

25 

144 

15,9<30 

Over 150 

6 

155 

16,560 


Total number of fields: 173. Average yieW, all fields* J24. 
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The growing conditions in 1952 were ideal. This is shown by an 
average yield in the “lOU Bushel (xirn Adventure” of 124 bushels 
per acre. The state average com yield for 1952 was 58 bushels, 
which was almur 14 bushels higher than the ten-year average. The 
above data show the higher yields are associated directly with the 
higher plant populations. 

The interest in fertilr/er prescriptions increased. In 1951 about 
1,500 were written for c<jrn fields in thirty-seven counties in Wis- 
consin. Farmers were not the only ones interested in this program. 
The Fstension Service through the county agents enlisted the help 
<if ferrilwer and seed dealers. Through their combined efforts 756 
fields were harvested, the average yield on these fields being 102 
bushels per acre as shown in 1 able 20. 


lARi.i ?o 

\lFlllSOI Own IV FfHIII I/ID in KcfURDAMt UI1H pR»Sf RIPlinV FfW 
I()0-Risilll ^IIIU, AkKAM.II> VfCORDINC |0 AM) PoFLI AflONS 
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( bufht K pi 1 



acn) 

pi ram) 

I’ndcr l(K» 

U2 

K<8 

IV^> 

100 ro no 

Wt 

lOt 1 

l4/>60 

no to 120 

128 

1146 

M,26() 

I20ro no 

71 

IM t 

M,880 

noro 140 

41 

1)40 

16,640 

140 to MO 

12 

1462 

17,0t0 

O\crM0 

M 

IW8 

I'',8t0 


r utal nunilic r of holds Xsorage ^leld, all holds 102 2 

Qninrics in the northern as well as the southern part of titc state 
were meiuded in I9s^. As a result, yields were down slightly but 
still over 100 bushels per acre '1 he northern part of the state has a 
shorter grow ing season, s<i corn \ lelds are lower than in the southern 
part of the state. 

Of the fanners getting less than 100 bushels per acre, the great 
ina|ority did not coinpiv entitcly w'lth the fertilizer prescription. 
I'he top yielding field, on the William K. Rank and Son farm, gave 
a yield of 1 69 bushels per acre The j leld w as obtained not only 
because of the fertilizer prescription, but because of the careful 
planning methods and good cultural practices used by the Ranks. 
Their .stand of com was nearl) perfect- about 19,000 plants per 
acre. 

Mr. Rank calculated the cost for several of his fields. On this 
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high producing field, the total costs including land rental were 
195.44 an acre. The fenilizer charge was about $28 an acre. The 
cost of the com was $0.56 a bushel, picked and hauled to the farm. 

In another field on this farm, using fertilizer costing $18 an acre 
but with smaller populations, the yield was 117 bushels per acre. 
This com cost $0.88 a bushel. Although the Ranks did not grow any 
corn w'ithout fertilizer, it is estimated that their yield without ferti- 
lizer w'ould be about 70 bushels per acre and that this corn would 
have cost over $1 .00 a bushel to produce. 

In addition to fertilizer recommendations, directions are given as 
to proper placement of fertilizer, weed control, and planting popu- 
lations. It is necessary to plant from 10 to 20 per cent more kernels 
than the desired fall population. Farmers arc enthusiastic about this 
type of recommendation. Although the prescrijuions may call for 
ten times as much fertilizer as many farmers are accustomed to use, 
they do not complain. They can easily figure out that following a 
specific plant food prescription gives maximum profits per acre. 

INTERPLANTING DOES NOT NECESSARILY REDUCE 
AMOUNT OF .MOISTURE AVAILABLE TO CORN 

Interplanting of gra.sscs or grasses and legumes is a part of this 
new method of growing row crops. But this does not necessarily 
mean thc.se interplanted crops compete with corn for the moisture 
available. In fact, their presence may actually make more water 
available to the corn crop. 

Surface mulching and sod cover have been shown to greatly in- 
crease the absorption of water by the soil. 'Fhe Soil Conservation 
Service showed that out of a total of 9.375 inches of water applied 
at a uniform rate over a five-hour period, 5.38 inches were absorbed 
by Muscatine silt loam in bluegrass pasture. Only 1 34 inches were 
absorbed by a similar .soil just across the fence in corn. The blue- 
grass sod was instrumental in getting 4.04 inches more of the 9.375 
inches of water into the soil. 

In addition to the low intake of bare soil the loss of moisture by 
evaporation from the .soil surface is relatively high. On small fal- 
lowed areas of Abilene clay loam, over 60 per cent of the rain that 
fell during a two-vear period at Spur, Texas, was lost by evapora- 
tion, Similar, and iven greater, losses by evaporation from the soil 
surface have been reported on the High Plains. During the hot sum- 
mer, the surface six inches of clay ^soils may lose one-half inch of 
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water by evaporation within a few days after a ram. The moisture 
stored below a depth of six inches, however, is relatively stable, and 
losses due to evaporation arc negligible. 

lABli 21 

loiM \\fui M oi Isi-n iR4iio\ Dlrivi. I ivt-lloiR Plricm) 
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\ loll 

161 

1 28 
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1 hesc losses ma) be rediiecd bv increasing the ilcpth 

of moisture 


penetration On sandv soils, water penetrates deeper than on e*iav 
loam soils, so the losses will he less on sand) soils Surface mulches 
or sod crops increase infiltiation, aiding deeper penetration of water 
so that there will be a grcatei amount of water available for plant 
grow th 


Will FERT11I/II> CORN VSIS W\1ER 
MORF IFEICIENTIV 

It has been shown that plant cover increases the amount of rain- 
w ater that enters the ground I he efhe ienc\ of this w ater can be in 
creased by tlic use of fertili/ci 

In addition to sharpK increasing corn \ieids, liberal use of ferti- 
lizer matcrialU reduced the amount of water requited to produc'c 
a bushel of corn in ('entral Missouri 

(lorn was grown on well fertilized soil in a iour-\car lotation of 
cot n, w'heat, and tw o > cars of meadow , w ith grain and has crofv* 
removed It produced 79 bushels pei acre This corn required six- 
teen inc'hes f>f soil moisture, bex'jiise mote than ^,(S00 gallons of 
w atcT w ere re(]uired to produce a bushel of corn 
Oirn also was grown on unfcrtilt/cd soil m a corn-oats rotation 
w ith onlx the gram removed It produced eighteen bushels per acre. 
\boiit fourteen inc'hcs of water were needed, on a per bushel basis, 
some 2 1 ,000 gallons of wearer w ere ree]uircd 
Soil lerains w atei that neither drains away ntir nses to the surface 
by capillarity to lie lost by evaporation. However, this water in the 
soil may be extracted by plant roots when they grow into it. Me- 
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dium-textured, gravei-free soils retain about one inch of water in 
each six-inch layer of soil. Light-te\turcd, gravelly soils contain 
about tw'o-thirds of an inch of w ater in each six-inch layer. 

ROOTS UTILIZE STORED W4TER 

The amount of water plant roots may renio\c depends upon 
depth of root system and the amount of w attr in each layer of soil. 
Siimc soils are underlain by rock and cemented hardpans into w hich 
roots do nor penetrate Tliey stt»rc only three inches of water foi 
t\»rn use beru cen rains. 

The Putnam and Maishall soils of notth Missouri and the bottom 
tliroughout the state arc dvcp. containing as much as eight to 
ten inches of w^atcr in four to fi\c feel of soil (.orn, well fertilized, 
can use this because it v\ ill glow roots to rcat h these depths 

One year, lca\cs of iinfertih/cd corn growing on Sanborn Field 
at Caiiuiiibia curled, despite ample moisture in the soil below three 
feet \djacent plots of feitih/ed corn showed no in)urv Coin on 
these plots exhausted soil moisture to a depth of 42 inches Roots of 
fcMtih/cd c’orn penetrated the soil lor four feet in a subsequent year. 
In some instances, corn reimned o\cr nine inches of water from 
Putnam soil. 

( orn used up o\er one inch of water per week during the sum- 
mer. If there were less than three inches of water asaiiable, corn 
would be a complete failure on the shalUnv soils How ever, the 
\ icld would be onl> slightlv low cred on the di eper soils 

DIFI-ERENCES IN ROOT DEVELOPMENT 

Measurements were mule of ihe ase of soil m asturc from the 
upper three and one- halt feet of soil Root dcxclopintni under ter 
nlizcd crops was grcMtcr than for unfertilized 1 hey penetrated 
deeper into the soil, loo. Thus, c'orn grow ing on hca\ ily fertilized 
plots had root development sufficient to take w'atcr at a greater rate 
Since roots penetrated to greater dc| lis, the plants had a greater 
w ater supply than shallow nnitcd corn on unfertilized soil. By early 
August, plant roots in the fcnilizcd area had penetrated below the 
thrce-and-onc-half foot depth. Sti rhe^c plants actually look a little 
more water from the soil than could be measured in this experiment. 

Water removed from the unfertilized plot w’as about one-eighth 
inch daily throughout the season, wffiich was also the approximate 
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rate water was removed from heavily fertili^d plots for the first 
one-third of the season After that time, the removal was more than 
one-fourth inch daily. Lvaporation of moisture from the soil was 
an important factor during the eailv growth stages As com grew, 
the crop rei]uircd more water, but shading of the soil cut evapora- 
tion losses 


SIX YEAR AVERAGE YIEUIS 

The yield differences m 1953 were quite similar to those of pre- 
vious years During the past six years, average yields in the com- 
whtat-t\vo-v cars’ nieadou rotation were 100 bushels of com, 23 
bushels of w heat, ind i little more than tw o tons of hay per acre 
In the two-year rotation of corn and oats without fertili/er, av- 
erage yields were 23 bushels of com, and 6 bushels of oats per acre 
However, with a similar tuo-ycar rotation of com and oats, on 
heavily fcrtih/cd soil and sweet clover for green manure, yields 
a\ eraged 98 bushels of com and 37 bushels of oars 
Nor onl) did yields per acre increase, but shelling (lerccntage of 
the gram likewise increased C om grown on heavily fcrtili/ed soil 
shelleil 79 per cent, unfertilized com shelled only 70 per cent* 

Soils heavily fertilized reveived 5 tons of lime, 1,(>(H) pounds of 
rtK'k phosphate, and 100 pounds of muriate of potash, which were 
added at the beginning of the study 1 ach year the kind was in com, 
3(K) pounds of 1-I3-I2 and I(N) {lounds of nitrogen were used per 
acre I he two-year fertilized area was treated m a sunilar manner 
except only <56 ^xninds of nitiogcn were used per acre Additional 
potash and phosphate w ere required after the first round of the ro- 
tation, the four-ycai rotation required more of these elements than 
did the tw o year rotation 


( \I Rt IS! 

1. Have soil tests made of different hetds of your fann Now de- 
teimine the quantities of N, P3O,, and K^O needed on each field to 
produce a hundred-bushel com crop 

Qi tsnoNs 

1. What IS happening to our method of growing com^ How does 
tius differ from our customary method' What are the mam ob)ec- 
nves of the new method’ 
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2. How is the new method of growing com affecting our use of 
fertilizer? How does this affect erosion? 

3. How does this new method affect soil aggregation? Infiltration? 
The amount of water available for crops? 

4. How is cheap nitrogen affecting our farming practices? What is 
it doing to use of legumes in crop rotations? 

5. This new method of growing crops makes it unnecessary to use crop 
rotatioas. That is, corn can be grown year after year on the same 
land. Amazing as it seems, we can increase corn yields at the same 
time. Explain how* this is possible. 

6. This method of farming makes it possible for the first time to build 
up the organic matter content of our soils. How does it accomplish 
this? 

7. Whv arc soil tests s<i important to the success of this system? 

8. What is meant by “fertilize by prescription”? What are the ad- 
vantages of the method? 

9. How does the use of large amounts of plant food affect the use 
of water by plants? What is the importance of this in drj' years? 
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Wheat Production 
with Trashy Farming 


Whkai' production with trashy or stubblc-mulch farming is a 
comparatively new method of growing wheat. The method, which 
was first dcvclop>cd and utili/cd on a large .scale in connection with 
the production of w'hcar in the Crear Plains, uses crop residues on 
the surface of the ground. 

During recent years, this system of preparing land for seeding has 
spread over millions of acres of wheat land. Commonly called stub- 
ble-mulch farming, it consists of leaving the residue from past crops 
on the .surface of the ground. Land Ls prepared and the w'heat is 
planted so as to leave the stubble on the ground as mulch. 

The residue may consist of the stubble or the stubble and com- 
bined straw left on the land. Weed growth also serves as residue. 
Care should be taken that the weeds do not deplete the soil moisture 
needed for the new crop. W eeds should be killed before they pro- 
duce seed. 


WIND EROSION CONTROL 

Straw and stubble maintained on the surface in sufficient quan- 
tity is the simplest and surest way to prevent wind erosion on wheat 
land. To be most effective, the straw should be anchored in the soil. 

tenhs to gret brittle and braken into shtm pieces. If it docS ti^t 

210 
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come too short it can be partially buried at the end of the season 
w ich some straw still sticking out of the ground. This will hold other 
ioo&e pieces of straw. Soil movement by wind may be stopped. 

WATER EROSION CONTROL 

Water erosion, as well as wind erosion, is prevented so long as 
there is good residue cover on the land. Stubble from July harvested 
w heat is left undisturbed until the following May. 'Fhis protects the 
soil from water and wind erosion for a tcn-iuonth period, llic land 
should be fallowed in such a vv'av that residue is left on top of the 
ground iiiilil the next crop is established. It should stay on top of the 
giound through the following winter and earlv spnng months, so 
that protection will be provided for anoihcr eleven months By this 
tune, the combination of residue anil grow ing w heat should protect 
soil until harvest time in July. 

This protects the soil from both water and wind erosion for two 
stars \t the end of this period, the wheat-lallow rotation is re 
[Hared It is possililc to protect land against waier or wind erosion 
tnnfiniiously if this stuliblc-imilch svstcin is b'llowed It is par- 
ticul irlv w ell adapted to an alreinatc w liear-fallow method. 

CONSFRVATION OF MOISTCRE 

It [iropcrly managed, stubble mulch niav increase ihe moisture 
t <»ncent of the v)il over plow ing and mav improve soil moisture con- 
ditions a number of wj\s. grinding stubble catches snow over 
winter. Mulch enables the soil to absorb more water during rains 
and reduces evaporaru/n. 'Fhcrc is Ics^ diying our between rains, 
which permits w'atcr from the next rain Cf> penetr.ire deeper into the 
soil \’ery little of it will be used to wet a dried soil layer at the siir 
face. In suniiiier, it intercepts the falling raindrops and prevents or 
I educes damages from splash erosion. I'he infiltration rate is kept 
high and runoff losses low' during heavy rams. Il the soil is already 
filled w'ith moisture to some depth, adu.tional water .saved by the 
mulch pushes the moisture down deeper than the smaller intake on 
plowed land. Water in the second, third, or fourth foot at seeding 
time does much to insure a good yield of wheat. 

The Soil Conservation Service conducted studies at AniariJJo, 
Texas, over a period of seven years. The aim w'as to determine the 
effect of different tillage methods on the moisture content of the 
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soil Soil moisture on continuous \^hejt plots ^as not consistent!) 
higher under subtillage than under the other cultural methods In 
some ( ases, it was even lower 
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used by the higher yielding crop on the stubble plots, and even 
though there was le» moisture in the soil at the end of the season on 
these plots, more moisture may ha\ e been used by the crop. 

The idea is partly supported by the fact that land in fallow for a 
year had more moisture when subtilkd than when cultivated with 
a one-way disk. TTiis shows the efficiency of the stubble mulch sys- 
tem in storing moisture. 

Of e.special interest in this connection arc the data comparing 
muLsrure reserves in the stubble mulch plots in late March, 1940, 
about five and a half months after the October sampling. Subtilied 
fallow and continuous wheat plots were able rt> retain sufficient 
u inter precipitation to more than tnercome the moisture defi- 
ciencu s of the prev lous fall. \t this seMson of the \ ear, thej exceede^d 
the onc-\\ ay and moldboard plow plots in moisture content. 

Sl'BTILLEn MllUll MAKFS BIC.t.FSr YILLIXS 

\s practie'cd in the stubble mulch svstem of farming at Amanilo. 
Pesas. .suhtillage produced greater \ lelds of wheat than iiioldiHiard 
oi one-way plowing. \ compirison was made of thceffceisof mold- 
boartl plow ing, onc-w a) plow ing, and srlitillage on yields of w heat. 
'1 bis e'oniparison w as made on the ctmtiniious w lica» phrts at Ama- 
rillo during the (KTiod of 1942 to 1948, indiisive 1 he aveiagc of 
the results arc shown in Table 2 1. 
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Qmrinuous subtilied- wheat |)1<»ts produced an average of 2.6 
bushels more wheat per acre than the moldboard plow plots. 'I hey 
also produced 1.9 bushels inoie than w icrc the one-way was usc<l. 
Increased yields during the period these tests u ere in o|>craiion attest 
to the effectiveness of stubble mulch in controlling erosion. It is also 
interesting to note that the average annual yield on the subtilled 
plots was 15.1 bushs Is per acre. 

The grain yields for the seven-year period are shown in Table 24 
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where two implements, the one-way plow and the subtiller, were 
used on plots planted to wheat one year and fallowed the next. 

TABLr 24 

Avika(.» Anniai WwAr \»ijisq» Wiit^i-FAU-ow-WiitAi SvsrEM, IW 48 
7 tllage Yields 

(limlitU) 

One-^ay 18.8 

Subttllagc 21.6 

Subsurface tillage increased wheat 2.8 hashels (ter acre over culti- 
vating with a one-way disk in a Hhcat-falluw s)steiii. Wheat after 
a year of fallow (uncrop()cd) consistently out-yielded wheat 
planted year after year. This effect was pronounced in dry years. 
Here, the moisture stored during a fallow year meant the difference 
between crop success and failure. In addition, fallowing made the 
production and maintenance of a stubble mulch possible. 'I'his pro- 
tects the soil from blowing in dry years or wet. 

STUinULE MUlX:il IN A WllCAT-FtLLOW .SY.STEM 

The stubble-niulch system Is well .idapted m regions where alter- 
nate wheat -fallow is a common practice, because wheat yields arc 
usually high after a \'ear of fallow . 

Where falkiw follows a heavy straw crop, there will be little 
difficulty and alnnit fourteen months to pre(>arc the seedlied. 'I'his 
allows .some of the straw’ to decay. iM.tchinery pa.ssing over it breaks 
it up, and, too, some of the straw is buried in the process of tillage. 

Seeding wheat with suitable implements leaves practically all the 
residue on the surface to |iro\idc wind- and w.itcr-erosion control 
and soil improvement. 

Plant material produces more desirable effects when left on the 
surface than when turned under. From one to one and a half tons per 
acre at seeding time is needed to protect the soil from wind erosion 
and raindrop splash. 

During years of high wheat yields, the straw should he cut in 
lengths short enough not to interfere with planting operations. All 
tillage operations and the drilling of grain must be done so as to leave 
the straw on the surface at seeding time. 

As farm machinery becomes better suited, larger and larger 
amounts of straw can be left on the surface of the ground at all 




Figure 16-2. One-way disk hewg used on wheat stuhblc in Oregon. The 
machine should he set to nw shallow and leave all the straw possible on 
the surface. Gitiservation Service Photo) 


times. Strav^’ mixed wirh the surface soil is not effective in control- 
ling erosion, ncitlier is it as effective in improving the soil as when 
left on the surface. Straw left on the surface protects and improves 
the soil better. It decays slowly and is effective over a longer period 
of time. 


SlJBSURFAt:E TILLAGE ON FALLOW LAND 

Subsurface tillage is accomplished by cultivating beneath the sur- 
face. When stubble and other crop residues are pr«icnt, they arc left 
on the surface to form a stubble mulch. When this type of tillage is 
used on fallow land, it is referred to as stubble mulch fallow. 

A stubble mulch on the surface of fallow land aids in controlling 
wind and water erosion-wind erosion, by reducing surface wind 
velocity; water erosion, by reducing raindrop splash and runoff. 
Wheat yields altout the same on stubble mulch fallow as on fallow 
cultivated by other methods. There appears to be little difference 
in yield of spring wheat on fallow. This is true, regardless of the 
tillage method used; provided operations arc timely and erosion is 

controlled. . i- . 

All methods of fallow in general use have advantages and disad- 
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vantages. Two main problems are encountered in a stubble mulch 
system of fallow: One is in connection with the tillage operations, 
and the other is in seeding the crop. It is difficult to cultivate through 
large amounts of straw, although more difficult to control certain 
weeds with a sut)surface tiller. Large amounts of trash make wheat 
planting more difficult with some drills. 

Farmers usually experience some difficulty when they try stubble- 
mulch tillage. Because of this they should start with a small acreage 
that will enable them to becon)c familiar with operation of stubble 
mulch equipment. They will learn the limitations of the system be- 
fore trying it on a large acreage. If an operator starts out with too 
large an acreage, he may get discouraged and revert to some other 
tillage method. 

Little of present farm equipment handles stubble satisfactorily, 
because most of it was designed to deal with trash under and not 
above ground. Kquipment dc.signed to handle stubble mulch does so 
with ease. If a farmer has proper equipment he will have little 
difficulty. 

All trash should be left on the surface to protect the soil from 
wind and water. This is the only way to keep improving the soil. 


Figure Strav: cutter used hi Oreffon for reducing tall stuhhle into 
shorter lengths. The cutting prhicipie is the same as that used in rotary 
laivtiweneers. (Soil Conservation Service Photo) 



rigiiff 16-4, Coinbhie eipiippvd uith a strav: spreader operath/g on 
typically foiling j^rainland in Salam iUmniyy California. ITfci’w spread 
UHiforntly over the ground surface, the straiv causes less diljiculty 
dnrivfr later operations. (Soil (Conservation Service Photo) 

If there is too much straw to u ork through, it shcmld be shredded— 
chopped into short enough lengths so it can be worked through. 

Short straw can be cultivated and planted through more easily 
than long straw. In the absence of a suitable machine to cut the straw 
into short lengths, a disk-type implement may be used for one or 
more of the tillage operations. I\ach disking covers some straw, 
however, and the number of diskings will depend on the amount of 
re.siduc the farmer can handle with his equipment. 1 he disk used 
may be any one of several types on the market, but the important 
thing is the depth of operation. 

Disking should be shallow if it is to be followed with some type 
of subsurface tiller. Subsurface tillers operate more satisfactorily 
when working below the depth of disking, and arc more effective 
in killing weeds if operated to a shallow' depth. If a subsurface tiller 
is w'orked at a shallower depth than the land was disked, the stubble 
w’ill catch on the sw'ecps .or blades. Fhc machine tends to push soil 
ahead of it, so often becomes clogged. Disking should not be over 
three inches in depth. Subsurface tillage done much deeper than 
that is not effective in killing weeds. 

iS7 
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LSE OF STR4W SPREADERS 

If the crop is harvested vt ith a combine, a straw spreader should 
be used to prevent an excessive accumulation of straw m windrows 
Heavy windrows of straw cause difficulty during fallow operations 
and at seeding time 

TYPIS OF Sl'BSlfRFXCr TILLERS 

There art several types of sulisurfatt tillers on the market— the 
straight blade, wide sweep, narrow sweep, and rotary rod weeder 
In sclteting a subsurface rillti. it is itnpoirmt to consider such 
things as si/e, dear ante, weed killing ability, and sturdiness of 
eonstnicrion 

If a machine is too wide, difficultv will he encountered on irregu- 
lar ground If a w ide piece of inae liincry is needed, ir is adv is ible to 
have It in sterions to make it flcMble \\ lelt mat hints built in sec- 
tions follow giound eontours better thin nne hints of similar width 
built on rigid fi 'lines \ wide, tigid subsurf ate tiller does nor hive 
uniformity in depth of eiilrivation In turning, thtv' enise v ination 
in draft and are |HK)r at killing w ecds 

Ir IS impottanr toscleet i subsurf lee tiller that has 
OHit to go through large uiiountsot stubble Stubble in which lirgt 
Russian thistles aie present is es}Heiall\ ditfieulr to get through 
Unless the nuehme has a lot of e It ar ante, it will not operite without 
clogging 

Subsiiiftee tillers vit\ in their weed killing ibilitv Those thar 
stir the siiil Kc soil are more ttfeeme and this kill shallow rooted 
w ceils better thin machines using sheiring letion alone Recausc 
shallow looted weeds .11 e the niost difheiilt to control with subsur- 
face tillers, s|)ceial eonsidei ition should lie given this problem when 
selecting i machine 

StmJtncM of ionwmnon is also iinport,int m i sulisiirtaee tiller 
If the machine is not well built, bieakage and bending results \\ itii 
the large sweeps generally present on subsurf lee nllers, it is espe- 
cialK im(x)rtanr tint these sw eeiis be kept tunning as true aspissiblc 
It IS diificulr to get a subsurfae c tiller to o^ierare satisfactorily if the 
sweeps or beams arc bent 

Often the nxl w eeder is not thought of as a subsurface tiller \c- 
tually. It fits into a stubble mulch ss stem v ery well in some localities 
The rod weeder usually o].)eratcs best when seime other subsurface 
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tiller is used for the first operation. In l^t soils free fnmi rocks, the 
rod weeder with shovel attachments can be used for the first and 
succeeding operations w'here crop residues are not too heavy. 

OPERATION OF SUBSURFACE TILLERS 

In order to get good weed kills with sulisurface tillers, a unifortn 
shallow cultivation Ls necessary. A onifonn depth can best be main- 
tained if the machine is weighted enough to hold it in the ground at 
all times. The w'eight of the machine holds the sweeps in the ground, 
and the wheels keep the swcc].)s from going too deep. Failure to 
properly w'eight subsurface tillers may also result in the sweeps or 
blades coming our of the ground. If the swce|'>s come out of the 
ground, the machine generally clogs. The variation in depth of cul- 
tivation resulting from lack of u eight also causes a draft problem. 
W’ith insufficient weight a machine set to {tcnetrarc the hard spots 
goes deeper in soft areas. I'his usually greatly increases the load. 

Better weed kills and more satisfactory o{)crarion Ls obtained, if 
a subsurface tiller is pulled at a jair fate of speed. The slower the rate 
of s}x:ed the lc.ss soil stirring results and greater is the tendency to 
clog. About five miles per hour Ls a desirable speed. 

Subsurface tillage done tin warm, dty days rtusults in better weed 
kills than w'hen the weather is cool and damp. Subsurface cultivators 
als(» ojicrate better if the soil is not too wet. Subsurface tillers should 
l)e operated under favorable conditions whenever possible to in- 
crease their efficiency as weed killers, 

USE OF TREADERS 

Under some conditions, a treader may be used to advantage fol- 
low'ing a sultsurface tiller. A satisfactory treader can be made by re- 
versing the prongs on a certain type of rotary hoe. If the prof>er type 
of treader is used, it w'ill help break up the straw into shorter lengths 
and will also anchor the straw in the soil st* it won’t lie blown away 
as easily. The treader also helps in controlling sveeds, by breaking 
up clo^ in which weeds might otherwLse continue to grow. It rolls 
larger weeds otrer and pulls them up. The use of the treader gen- 
erally results in a more easily seeded seedlied. A treader should not 
be used when the stubble is light, because it pulverizes. This creates 
conditions that favor soil drifting. 
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REQUIREMENT FOR STUBBLE-MULCH FARMING 

Equipment should be carefully chosen and properly used to pre- 
pare seedbeds under a stubble-nmlch system. A good seedbed for 
wheat Is one that is in gf>od tilth, is weed-free, and has enough resi- 
due on the surface to protect the soil and the young crop from either 
wind or water erosion. 

Inhere is no set of tools best for all conditions. There are many 
combinations of tillers, packers, weeders, and drills that may be so 
used as to result in a good job. W'hatcver equipment is used the 
proper job must be kept in mind at all times. 

Ql ISIIONS 

1. What do we mean by stubble-inulch farming^ 

2. How doos stubblc-inulch farming differ from the regular method 
of farming^ 

3. Wliat are the main advantages of stubble-mulch farming^ 

4. How docs stubble-mulch fanning control erosion? 

5. Where is stubble-mulch farming practiced? 

6« What IS the chief draw bac k to stubble-mulch farming? 
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X ()i)A\ agriculture in the United States is undergoing greater 
change than at any time since the settlement of this country two 
hundred years ago. In the past, \\c have been cash- and row-ciop 
fanners. We have emphasi/ed corn, the cereal grains, cotton, and 
tobacco. We have cleared the forests, plowed the prairies of the 
Midwest, and turned the bunch grasses of the Northwest. While 
producing more grain, more fiber, and more of the other cash crops, 
we built the greatest nation on earth. 

Once there was land enough for all, I'hcrc was an enonnous store- 
house of productivity in the soil. This was built and held there for 
uncounted centuries by continuous grass cover. Once there was 
plenty of feed for our grazing herds on the rough, poor land un- 
suited for production. Besides, everyone knew that it was the grain 
we fed our cattle that produced the milk and the beef. Pastures and 
hay crops were thought of as “roughage 1 hcv were poor crops, 
indeed; in fact, they were not croj)s at all. Certainly, they did not 
deserve or get a place on productive cropland. Neither did they 
warrant nor receive fertilization or other cai e. 

But all of this is changing. W^c arc now witnessing a conversion of 
our agriculture from a cash- and row-crop system to a grasslands 
system. It is a great movement — almost a crusade. It is a movement 
that has been progressing gradually throughout the United States, 
although it has progressed more rapidly in some areas than in others. 

We are heading toward a grassland agriculture for several reasons. 
First, our grasslands have an enonnous productive capacity, if they 

i4l 
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are properly treated. There are almost a billion acres of permanent 
grasslands in the United States, and most of them are unimproved. 
Suitable liming, fertilizing, reseeding and mani^ement practices 
would more than double yields on hundreds of mQlions of acres of 
permanent grasslands. These practices would assure optimum pro- 
duction. 

For example, pasture renovation in the Northwest has resulted in 
increases in forage production of four to six times that on unim- 
proved pastures. In Georgia, a well-fertilized Coastal Bermuda grass 
pasture produced in one sca.sun ^69 pounds of beef and produced 
2,^()0 pounds of high ijuality hay per acre in addition. At Beaumont, 
Texas, proper fertilization and seeding of adapted grasses and leg- 
umes in rice stubble pa.stures increased beef production )00 per 
cent. Similar iniprovcincnt could be cued from work in Missouri 
and elsewhere. 


(JIEAPER FEED UNITS 

Second, it has been shown experimentally that improved grasses 
can prtKluce as many food units fwr acre as corn or the other feed 
grains'. Ibis applies to much of our cropland. Grasses produce^feed 
at lower cost per unit and svith greater returns ()pr unit man-hour of 
labor than cultivated land. 

Third, improved grasslands can produce, as pasture, hay. and 
silage, most or all of the feed rcijuircd for livestock. Dairy cows can 
produce 80 jier cent as much milk on improved pasmre alone as on 
the best combinations of concentrated feeds. They have produced 
8,000 pmnds of milk per year without any grain or other con- 
centrates. 

Fourth, large portions of our population are inilk-and-meat hun- 
gry'. It has liccn estimated that 40 |,wrr cent «)f our families hav'e diets 
that arc deficient in calcium and SO per cent have diets that are de- 
ficient in protein. Tlie best way to in.surc sufficient minerals and 
protein in the human diet Is through such animal products as milk, 
meat, and eggs. But if our cxjiericncc of World W^ar II is repeated, 
these dietary deficiencies will increase. It was meat, butter, fats, and 
other livestock products that became critically short during the war. 

If we arc to avoid recurrence of those shortages and dietary de- 
ficiencies, we must have more livestock products and at prices that 
place them within reach of the greatest number of our people. 



Figure 114. Mixture of ladino clover^ tall fescue^ and lespedeza in War- 
ren County^ Kentucky. Ten acres carried 120 sheep during fall grazing 
season. (Soil Conservation Service Photo) 

By a grasslands program, we can have increased supplies of live- 
stock products. These can l>c produced at lower cost and will not 
interfere W'ith production of other food and fiber crops. Neither 
will they compete for short supplies of feed grains. But without a 
grasslands program, we must content ourselves with less total food. 
Our diets will be made up of lower amounts of meat, milk, butter, 
and cheese. 

Fifth, wool is already a critically short commodity in this country. 
Sheep can, and at present do, exceed other classes of livestock in the 
proportion of nutrients they obtain from forage. Improved gra.ss- 
lands are required to feed sheep to produce the wool that is so seri- 
ously needed. 

Last, improved grasslands are required in our cropping systems. 
Gra.sses provide sustained maximum production of other cultivated 
crops. Until recently, no cropping scliemes had been devised that 
would maintain soil organic matter. Schemes based on adequate 
proportions of grasses and legumes in rotation do so. 1 he so-called 
cultivated crops permit .serious soil losses by erosion. The processes 
of annual plowing and periodic tillage is in itself a soil-destroying 
process. As soil fertility and organic matter decline, soil structure is 
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lost. As soil structure is lost, tillage difficulties increase, crop yields 
decline, and erosion increases. 

Grassland fanning is a system. It is based on adequate and intelli- 
gent use of grasses and legumes. It is a system in which grasslands are 
an integral part of the cropping scheme. Some areas, unsuited for 
cultivation, are converted to pennanent grasslands by this system. 
Other areas arc placed in crop rotations. In this case, the system has 
a sufficient proportion of grasslands to protect the soil. It also gives 
profitable and sustained production of the cultivated crops. In fact, 
in grassland farming, pasture, hay, and grass silage are cultivated 
crops. They receive and warrant as much care .is is given other cul- 
tivated crops. 


.St)IL FERTILITY AN1> PASTURES 

The Octolier 1950 issue of Success jul Farimng had an excellent 
story about Ben Moy. Ben Moy is a Buffalo Omnty, \\'isconsin, 
farmer. 1 le threw away his plow and sowed his hilly, eroded, 240- 
acre farm down to bromegrass and alfalfa, llis present e<]uipment is 
limited to that required to lime, fertilize, seed, grow, and har\*cst 
grass-legume forage. 

A great many other intelligent dairy farmers on hilly land Tvave 
come to realize that plowing and cultivating are enemies of the soil, 
lliey have ftiund that corn on a dairy fann is parasitic on the grass- 
legume forage cro()s. TItese arc needed in much greater quantity and 
in much higher quality for ecoiUHiiical milk production. 

The use of limestone and sufierphosphare has lieen recommended 
for many years, llicy have been used to increase the productivity of 
permanent bluegrass pasture's W’here ttqxigraphy of the land jHrr- 
mirted, disking and reseeding with gras.scs and clovers were recom- 
mended. The effects of such practices were often phenomenal. 

In Kurope, carefully sas’cd manure and basic slag’ have long been 
used with excellent effects on pennanent pa.sturcs. ITic manure 
serves primarily as a source of nitrogen and potassium. The ba.sic 
slag .s'upplies lime and phosphorus. Both materials arc important 
sources also of the minor elements that are missing from large areas 
of pasture land. 

It was not until the end of the first World W'ar that really in- 

> Basic slag is a hy-pii)dtict of smeltcniig plants. 
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tensive systems of pasture management came into being. This was 
made possible when the products of the tremendous nitrogen-fixing 
factories of Germany and England were diverted from explosives 
to agriculture. 

One such system was started at Hoenheim, Germany, in 1917. 
This .system made heavy use of nitrogen fertilizers and rotational 
grazing. Supported by the Stickstoff Syndikat in Berlin and by lin- 
}^rial Chemical Industries in London, the system began to receive 
serious consideration in this country about menty-hvc years ago. 
The first experimental project of this type in the United Stares was 
put into o].)erarion at the Dairy Research Farm at Sussex, New 
Jersey, in 1927. It has been in ojwration ever since. 

PROGRAM BROUGHT RESULT.S 

Notwithstanding the known value of lime, complete fertilizers, 
improved strains of grasses and legumes, and rotational grazing, 
progrc.ss in p.'isture improvement and management had been dis- 
hcartcningly slow. But the “Green Pasture” program advanced by 
the Northeastern States, and .similar programs in other sections of 
the countrv’, resulted in alerting large numbers of farmers. They be- 
came aware of the {.xissibiliiies for profit in improved grasslands. 

In New Jersey, stress is l.tkl on having go*>d grazing from early 
April to late November. This is a period of more than K'O days. TTic 
program includes the use of winter grains ft>r early spring and late 
fall pasture. \ part of it is rotational grazing of bluegras-s-whitc 
clover sods. I'hc growing <»f orchardgrass-ladim* clover, sudan- 
grass--sovbcan, and bn)megras.s- alfalfa mixtures for in-l)ctwecn graz- 
ing :md hay purposes is important. Various other forage plants, such 
as Reed’s canary gra.s.s, swectcUivcr, and birdsfooi trefoil are also 
used. 


BLUEGRAS.S 

There has been considerable dLscus.siun recently of blucgrass as a 
weed. Some have suggested replacing it with improved grasses and 
clovers on dairy farms. Bur blucgrass is seldom given an opportunity 
to demonstrate its real value. It is usually grazed continuously from 
early spring to late fall. Furthermore, the native white clover, which 
grows here and there and comes and goes from one year to the next, 



246 


GRASSLAND FARMING 


is expected to supply the grass with all the nitrogen that it requires. 

The falseness of the Iwlicf that clover will supply enough nitrogen 
for bluegrass is apparent following an application of a nitrogen 
fertilizer. If one wants really good bluegrass pastures, they should be 
given the equivalent of 5(X) pounds of 10-10-10 fertilizer an acre 
every year. This starts the grass early in the spring. It extends graz- 
ing well into the suninier. The grass comes on again with luxuriant 
grou th in the fall. 

A second application of ^0 pounds of nitrogen after the first graz- 
ing w ill aid. It will extend the grazing further into the summer. It 
will also bring it back earlier in the fall. The protein and mineral 
content of such pastures arc about all that can be desired. 

If bliicgra.ss- w hire clover fertili/ed pastures are grazed as they 
should be, clover stands can be maintained at as high level as they 
would have been had no nitrogen been applied. Proper grazing 
means close grazing followed by a resting period and clipping with 
a mower. 

If available, a five-ton-an-acrc application of manure, supple- 
mented by 50 pounds each of phosphoric acid and jMitash, will ac- 
complish the same purpose. It w ill also increase the stand of clover. 
After such manuring at the New jersev I)air\ Research FarnSk the 
w'hite clover coverage was 2v, 44, 41, and H per cent for four suc- 
ccssiv'c years. 

There is abundant evidence that poor bluegrass pasture can be 
greatly improved. 'Fhis requires the use of some of the more modern 
implements. Implements that stir up the old sod without turning it 
upside down are best. 'Fhe efficiency of such machinery has been 
greatly increased. PcKir hillside pastures of any type can be very 
quickly iinjiroved by this jiroccss. If pastures are limed properly, 
fertilized with 500 pounds of 10-10-10, and reseeded to grass-lcgiimc 
mixtures, improvements lesult. Nitrogen is lusually needed to ov'cr- 
come the competition of the soil microorganisms working in the 
old sod. 

Orchardgrajss- ladino clover low land pastures in New Jersey pro- 
duced ^,500 pounds of dry matter an acre. 'Fhis resulted from reg- 
ular use of lime and the annual application of 2 5() pounds of 0-20-20. 
Better results would have been obtained by doubling the potash. 
Doubling the fiotash is recommended. 

Yields can be stepped up still higher. Tliis Ls done by the applica- 
tion of larger amounts of fertilizer or by the supplemental use of 
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manure. The possible dry matter production in grass-alfalfa mix- 
tures at New Brunswick was found to be nearly 10,000 pounds of 
dry matter an acre annually. This was obtained over a two-year pe- 
riod following seeding. This was on well-limed soil which received 
the equivalent of 1,000 pounds of 0-12-12 fertilirxr and 25 pounds 
of borax an acre annually. 

Quality of product tends to deteriorate with increasingly high 
yields above a reasonable level. This is due in part to a higher pro- 
portion of stems to leaves. Quality also tends to l>e lowered from one 
year to the next. The soil’s capacity to deliver enough of both maji.r 
and minor mineral elements to the forage plants dwindles. The 
amounts delivered do not meet the needs of the animals that consume 
the forage. As the acidity of the soil increases, the availability of all 
the minor elements, except molybdenum, tends to increase. Acidity 
begins to increase the first year after seeding. The manganese eontent 
of alfalfa was higher each year over a three-year period. But the 
cobalt content fell succc.ssively. Zinc content fell by the second year. 

MANAGEMENT l.MPROVCS IRKI<;ATEI> PASTI/RE.S 

Properly prepared and managed irrigated pastures produce two to 
three times as much beef as unimproved one.s. \n unimproved irri- 
gated bhiegrass pasture produced an annual average of 200 to 250 
(xninds of beef per acre over a four-year period. It was ojK'rated by 
the Kittitas Soil Conservation District in Washington. 

At the same time, a 41 -acre pasture, similar to the unimproved 
one, produced an average annual acre yield of ^49 pounds of beef. 
It was seeded to an appropriate grass-legume mixture and fertilized 
annually with about 300 (lounds ,>er acre of 18 |>er cent super- 
phosphate. 

The average cost per pound for producing the beef on improved 
pasture during this four-year iieriod was 7.3 cents. This figure in- 
cludes the cost for the first pasture sea.son The plants were not fully 
developed the first year. The average net income per acre was 
$90.84 annually for four years. 

Supplementary irrigation of a well-fertilbcd Bermuda-ladino 
clover pasture in Georgia increased the production of dry forage 27 
per cent, and protein 67 per cent. The increased forage and, particu- 
larly, the increased protein, wxs due laigely to a greater survival and 
growth of ladino clover with irrigation. 
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In any irrigarion program all orher liniiring facrors in plant growth 
should first ^ corrected. Before purchasing expensive permanent 
equipment, the fanner should be sure his type of operation gives suf- 
ficient returns. It should do this over a period of years to justify the 
cost of applying supplcincntal water. In some cases, it may be more 
profitable to alter cropping systems or farm enterprises than add 
irrigation management to the fann plan. 

THE POTA.S.SIII.M PROBLEM 

S^tecial attention is called to the |)oras.sium pntblcm. The soils of 
most |icrniancnr pa.stures have been rol>l>ed of this clement over the 
years. VV'hcn it is finally added, a large part of that applied is often 
fixed by the soil. This fixed potassium is only slowly available to 
plants. Under these conditions, in order to get the effect desired, 
very heavy applications may be required. Such applications need to 
be continued until the potassium level of the soil has been raised ma- 
terially. 

Orchard grass was ftiund to contain one per cent more }H>rassium 
than the legumes associated with it. Similar findings ha\e been re- 
(lortcd with bluegrass .ind bromegrass. Oabgrass, dandelions, shtip- 
herd’s purse, and diK'k have veiy high porassium-acciimulating [Xiw- 
ers. I'hesc plants often contain from two to three times as much 
potassium as the alfalfa growing with them. Oniqtetition for potas- 
sium by gravs and w'ceds is one of the important causes of disappear- 
ance of w'hitc clover in bluLgr.t.ss p.istures. Similar troubles are ex- 
(KTienred in grass-legume hay mixtures. 

TIME OF APPI.IC.ATION 

It is generally assumed rh.tt fertili/ers can be applied to pastures 
w’ith equally good effect .tt any convenient season of the year. It is 
rvMi bad this is untrue, ^^'c need to vlisrribute farm and factory labor 
ov'cr a lunger parr of the year. .\tid it is much easier to get over the 
land in summer and fall than in early spring. But in a five-year test of 
nitrate of soda and sulfate of ammonia on permanent pastures at 
New Brunsw'ick, the yields were 36 per cent greater on the average 
from March applications than from those of October. In similar 
comparisons of a phosphate-pota.sh mixture, the yields were 22 per 
cent higher from the March applications. 
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When soil microorganisms reawaken each spring, there is need for 
extra nitrogen and phosphorus. These elements are found in very 
high percentages in cells of microorganisms. Some bacteria have 
been found to contain over 1 0 per cent nitrogen and 2 per cent phos- 
phorus. Such microorganisms oifer serious competition with grass 
and clover for these and other elements. This is cspcciallv true in 
early .spring. 

Use of an aiqilane for distributing fertilizer will aid greatly on the 
rougher lands. It appears likely that anhydrous ammonia, applied by 
the use of a combination tillage implement and gas applicator, ma) 
enter the picture. Ortainly both practices will be given extensive 
trials on the more roiling pasture lands in the northeastern part of 
the United Slates, and they mav spread o\ er large areas farther west. 

Tlic general tendency to assume that n cods have negative value in 
pastures Is doubtful. It is well known that they add \ariery of min- 
erals and dige.srible nutrients to the diet. Fertilized weeds of many 
species make good grazing. Cows mow them down with the gra.ss 
and clover. I'hc essential point is to keep them grow ing luxuriantly. 

The answer to the problem of tall-growing and coarse weeds lies 
in the regular use of a mower. Such mow'ings arc often readily con- 
sumed by animals. They arc consumed until they become moldy 
from rain or dew'. 


BARN\ \KI) MANIIRE 

At New Brunswick, w’cll-fed l,h)() pound llolsteins produced 
manure at the rate of 21 tons aunuallv per cow. 1 his docs not in 
elude licdding. I'hc manure contains alHiut 9.S |M>unds of nitrogen, ^ 
pounds of phosphoric acid (F..O.), and h pounds of pota.sh (K.O) 
per ton. 'I he annual output of fertili/er elciniuti in the manure of 
one cow is estimated to lie etjuivalent to one ton of 10- 1-8 fcmli/cr. 
It would .seem that such an amount of plant nutrients should go a 
long way tow'ard maintaining fertility of the land required to pro- 
duce enough feed for that cow. It seems that this would he true 
w’hethcr the manure was drojqied directly on the soil bv the cow’ or 
hauled out from the barn. 

In theory, there should be little nc<‘d for anything bur lime and 
.su}icrphos}>hate to siipplcment the manure on a dairy farm. 1 his is 
assuming that legumes were grown in the hay' and pasture mixtures. 
In proportion as grain feeds arc used, the picture ItMiks still liertcr. 
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But the fertility levels on the pasture soils of many dairy farms 
have been found to be low. Evidently much of the value of the ma- 
nure contributed by cows is lust in drainage water. 

PLAN THE PASTURE 

Growing gra.ss is prohrable, interesting, and contagious. Modern 
progressive fanners have found that an abundance of high quality 
forage is the very foundation of any type of livestock farming. 

When a pasture program is developed for a farm, there are four 
stc{)s to be considered to get the Itcst results |x)ssible. 

1 . W’ork out a s«>und plan and follow it carefully. 

2. Lime and fertili/c according to st>il tests. 

3. Use the pro})er seeding rates and mixtures. 

4. Manage pastures so as to get the most from them. 

The pasture plan is probably the most important single step. It is 
the “blueprint.” It should be written down and kept on hand for ref- 
erence. In working out the plan, such things as soil ty|se, forage re- 
quirements, .season-long gra/.ing, erosion control, and land clearing 
shtiuld tic coasidered. 

Study the different pasture plants carefully. This insures putting 
each plant or combination of plants on the best adapted soil. 

Lime and fertilizer .ire the “insurance” you buy in order that a 
pa.sture plan will succeed. Soil testing is the liest method to use in de- 
termining what soil nutrients arc in short supply. It also tells the kind 
of fertilizer and the most profitable rates of application needed. 

Generally speaking, annual applications produce the greatest re- 
turns. Occasionally, it may be more feasible to provide a two- or 
three-year supply of lime, phosphate, and potash when land is pre- 
pared for seeding. 

A complete, balanced ferrili/cr is recommended. For clovers and 
legumes heavy applications of lime, phosphate, and potash are often 
necessary. Even nitrogen may be added at seeding time. This is espe- 
cially true if the land is |K)or. 

For grass, heavy rates of nitrogen fertilization are almost always 
necessary. In addition, lime, phosphate, and potash must be present to 
get the best growth of grass and cereals. Even if grasses are in com- 
bination with clovers, nitn^en may still give gtxid returns, if applied 
at the proper rime in the growing season. 
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Small grains and grasses like fescue, sudahgrass, millet, ryegrass, 
oats, and rye must have plenty of nitrogen for top production. At 
Stonevillc, Mississippi, 240 pounds of nitrc^^ are recommended per 
year for fescue on good s»>il. The nitrogen should be applied in four 
separate applications. Big profits come from giving grasses and cereal 
crops all the nitrogen they can use to advantage. 

Mlved feitilKers, such as 0-14-10 and 0-12-12 arc becoming popu- 
lar for topdressing clover and legume pastures. If plenty of “fuel” is 
provided, these pasture areas arc ideal factories for producing grass 
and clover. Tests and demonstrations show that one dollar invested 
in pastures brings back five to nine dollars in return, llte return 
varies with the type of plantings, soil, and management. 

Proper sccdl>ed preparation and seeding are im}M)rtant. 'Phe guid- 
ing principle should be getting the right crop on the right land at the 
right time. Fall is the best season to seed most pasture crops in the 
Stmth, while both spring and fall arc good in the northern areas. 

Many pasture crops are started in small grain or planted in rota- 
tion with small grain. W'inter graring in the South consists of small 
grain, ryegrass, and fescue, 'f'licy usually have a legume in them for 
sjwing grazing. 

Many annual legumes, such as ennuon clover and lespcde7,a, arc 
bring planted in oats or gra.ss. Mrcady, crimson clover— cs}x;cially 
the new rc.secding strains- is gaining fame as the “Belle of Southern 
Pisturcs." Ladino clover will eventually be in almost every farm 
program in the country. In the South, it will be ladino and tall fescue 
in most pasture plans. In the North, ladino also fits into many pas- 
ture mixtures. However, other grasses, like bromegrass, timothy, 
and orchardgrass, arc used with it. 

Pasture plants vary according to ilieir needs for plant food, length 
of graz.ing period, and best grazing .tcason. They also vary as to the 
type of mixture in which they are likely to do their best. A good 
pasture plan, therefore, will outline (1) what is to be graz.ed, (2) 
when and how it will be graz,ed, (3) what is to be graz.cd next, and 
(4) what to jilant on the lard when the old pasnires arc finished. 

Management enables a fanner to get the most from his land in pas- 
ture. It is not hard work, but it reijuires constant attention. Good 
management makes the pasture pay off and keep paying off. This in- 
volves rotational grazing, weed control, and mowing the surplus 
forage. 

Controlled grazing is perhaps the most important principle in 
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managing pastures to keep them productive. To get satisfactory re- 
turns from his labor and investment, a farmer must asoid overgraz- 
ing on any of his pastures 

BALANCE PASTLRES WITH UV£ST()(.K 

It should not he oxtrlooked that the value of pastures depends on 
a fanning svsrcni that includes productive livestock The farmer 
must geai together or balance ( 1) the development of pasture, (2) 
the production of supplemental feeds, and (3) the improvement and 
increase of lutstock I he farm business inav become uneconomical 
it anv of these factors is pi nnitted to eveced or lag behind the othcTs 

figure /7-2 (lulh tuai Sioux I iill\ South i)akoui hhiUd ///. /tieW, 
iWd uidid to imxtiin of alfalfa^ hioim\fia\s, and sucLtdimr Fh 
{(iillud land ua\ (onvuhd to piodintru pastnu (Soil (oi^civation 
Sirs lie Photo) 
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RENOVATING BLUEGRAS8 

According to the Iowa Agricultural Experiment Station, renovat- 
ing blucgrass has come to mean introducing clover into the grass. 
This is dune by disking or other cultivation, with the use of lime and 
phosphate if the soil needs them. This procedure feeds the grass roots 
and results in a thick, heavy sod. The vigorous graiss growth largely 
eliminates weeds. The growth of clover pmvides succulent, nutri- 
tious, palatable pasturage. It is available in inidsuiiiiiier when blue- 
grass usually becomes dormant, hard, and unpalatable. Usually a 
good renovation job greatly increases the productivity and carrying 
capacity of the pasture. 

The essentials of a successful renovation job seem to be the fol- 
lowing: 

1. If possible, lime in the fall iH'fore spring seeding if the soil Ls 
acid. 'Fhis gives a good stand and vigorous growth of sweet- 
clover or alfalfa. I'hesc legumes are excellent in pasture renova- 
tion seedings. 

1. Disk or tear up the grass some other way in the fall if pissible. 
Lime then liccomes active immediately. 'Utis also reduces the 
seedlied work in the spring. 

?. Apply 200"to .lOO ^raunds of 20-pcr-cent superphosphate in the 
spring. \\’ork it in well when preparing the seedbed. 

4. Do a thorough job of rearing up the grass sod when preparing 
the secdltcd. Don’t worry alniur hurting the grass. It will come 
back quickly and Itetrer than ever. 

5. Seed in the early spring or not at all. Seed not later than April 
1 5, earlier if possible. 

6. Seed a mixture of adapted legumes. The mixture most widely 
used in Iowa consists of five ptmnds of sweetclover, three ol red 
clover and two of alsike per acre. Ten prands »»f lespedcAa seed 
are included for southern Iowa coiintie.s. 

LIME HELPS PA.STURES 

At the Pasture Improvement Farm in southern Iowa, a series of 
six experimental pastures w'ere used for several years. Fhe produc- 
tion of untreated native bluegrass pastures was compared with that 
obuined from the same land when renovated. Oimparisons were 
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made both with and without lime. The seeding mixture used was 
that already referred to as in general use. The pastures were grazed 
with native sreers. Pounds of beef gained per acre from the various 
treatments for the sea.sons 1941 thn>ugh 1943 are shown in Table 25. 


lABIl 


PraMHC IION OI BifU on UNrRFAlU> Pastlres 
AND P^SIlMsRfSFim-U WfIM AND WlTHOLI LiMF 


1 reatment 
Uncreated 

Resteded, ^^lthour litnc 
1 lined and reseeded 


Averaf^e Annual 
Poundx Gamed 
per Acre^ 1941-43 
108 
141 
193 


Cunsidermg both tillage and seed costs it is clear that, under these 
soil conditions, reseeding without the use of lime is not effective 
Such increase in pniduction as w'as obtained on pastures reseeded 
without lime was due largely to the acid-tolerant Korean lespedera. 
llie lespede/a had some help from red clover. But where lime was 
included the stand and growth of all legumes were much lietter. 
Renovation, including reseeding and the use of lime, increased the 
average number of ptiunds of licef produced per acre. It wa:^ in- 
creased fnini 108 to 193 pounds, or approximately KO per cent. 


PIHXSPIIATE AIPS UOUME.S 

Many fanners know' that usually the growth of legumes is greatly 
stimulated with phosphate ferrilirers. 

One of the most striking discoveries on the ex|)eriinenrai pastures 
at Mt. Pleasant, low'a, was the much thicker stand and more vigorous 
gniw'th of the sweetclovcr. 'Fhls (K'curred on the pasture receiving 
1 50 pounds per acre of 20 per cent sufierphosphate in addition to 
lime. The pasture w’as compared w ith one limed but not phosphated. 

Beginning with the 1944 season, the bluegrass renovation experi- 
ment at .Albia, low'a, was modified to include phosphorus with lime. 
The sod was tom up in the fail of 1 943 with a weighted spring-tooth 
harrow. It was thoroughly disked in the spring of 1944. At this time, 
250 pounds of 20 per cent superphosphate were applied to two of 
the four limed pastures. 

The phosphate wras thoroughly mixed with the soil during the 
disking operation in the early spring. Two other pastures were han- 
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died identically except that no phosphate fertilizer M'as used. The 
seeding mixture was the same as for preceding years. Native steers 
were turned into ail pastures in mid-May. They temamcd on the 
pastures until about the middle of October, both in 1944 and 1945. 
The results, in pounds of beef per acre, arc shown in Table 26. 

TABI.F 2« 

Avpr^gk Axnial Proikciion in PoiNM oi Bilf n,R Ac:rl Durini. lW-4^ 


Treatment 

FomJs 
Gained 
per Acre 

UntrcMted 

. ... 105 

Limed, and reseeded . . . ... 

147 

Limed, phnsphared and resccdeil . . 

1^5 


P’Lsriirc reno\ arioii can gi\'c benciir.^ for several years only it graz- 
ing is properly managed. A common fault is tiM> heavy grazing in rhe 
second season following renovation. The biennial clovers then fail 
to reseed. Reseeding is essential to success and can only be accom- 
plished through controlled grazing when seed heads arc fonning. 

After the seed is developed, the pa'Jtures can be grazed heavily the 
remainder of the season and into the fall, fhe accumulated growth 
of grass and clover can be removed from the surface by u inter. This 
close grazing permits the leguitK seed to be shattered and brought in 
close contact with the soil. It also weakens the grass so that its com- 
petition w'ith the seedling legumes the following spring is reduced. 
This is desirable. 


.SOLVL KEiSOV V1IC» PROBLEMS 

Some fanners have had difficulty in maintaining good stands of 
clover in blucgrass pastures over a penod of yeais I'Apcrienced, «)b- 
servant livestock men are overcoming this difficulty. 'I'liey arc doing 
it through good grazing management. There arc renovated pastures 
in various parts of low'a that have good stands of swcetclovcr in the 
grass six and seven years after seeding. 

Pastures closely grazed all season )W a rather weak sod. llicy 
can be prepared for the renovation process without excessive disking 
or other cultivation. When the blucgrass sod is thick and hcavy^ the 
cost of preparing the seedbed is excessive. The disk is used almost 
exclusively in Iowa in pasture renovation. This Is, however, not be- 
cause it is the only available tool thought suitable. 
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Some fanners know that several implements are better for renova- 
tion than the disk. Shallow plowing to set back the grass and ^ve 
the clover a chance to becrnne established is preferred in some areas. 
Plowing also helps control weeds. Tractor-mounted com cultivators 
and subsurface tillers have given excellent results. 

Four methods of seedbed preparation were compared at Albia in 
1945. These included (1) disking, (2) shallow fall plowing, (3) 
.shallow spring plowing, and (4) tilling with a rigid, mounted, sub- 
surface tiller, especially construi'tcd for the purpose. The sod was 
heavy and dense. 

llie fall plowing was to about a four-inch depth in mid-Novem- 
ber. The spring plowing was done the last of March at about the 
same depth. Fall-plowed plots were left rough over the winter.l'he 
result was little or no erosion. The plowed plots were disked twice 
with a tandem disk. 'I'his was done just before seeding on .March 
28. The subtillcd plot was disked twice in the spring with a tandem 
disk and the disked plot four times. 

The degree to which bluegrass was set back or killed varied 
greatly between the different treatments. The grass was almost en- 
tirely killed on the fall-plowed plots. The average .stand of clover 
obtained on these plots was estimated at 96 per cent. (Jonsideralile 
bluegrass came back on the spring-plowed plots. 'Ilte average stand 
of clover seedings was 78 per cent on these plots. Kentucky blue- 
grass came back strong and vigorous, both on the disked plots and on 
those subtillcd and disked. Closer stands on these plots averaged 65 
and 59 per cent, respectively. 

Seeding mixtures compared on each of the plots receiving differ- 
ent tillage treatments included (I) a mixture of five pounds of 
swcetclover, three of red clover, and two of alsike; (2) ladino 
clover, four pounds per acre; (3) birdsfiKit trefoil, six pounds per 
acre; and (4) bromcgras.s, eight, and alfalfa, ten ptiunds per acre. 

The clover mixture produced the heaviest growth in the first, or 
seeding year. The ladino clover also made a heavy, vigorous grow'th, 
particularly late in the season. The birdsfoot trefoil characteristi- 
cally made very little growth the first year. This was particularly 
true on the plots where bluegra.ss had not been sufficiently killed 
back. 

The bromcgrass-alfalfa combination made an exceptionally good 
growth on the plots plowed in the fall. This killed the bluegrass out. 
The conversion of bluegrass {lasrure to a bromegrass-alfalfa pasture 
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appears to be a relatively simple job. Changing bluegrass pasture into 
a bromegrass-alfalfa pasture seems to be a dearable step. It also is 
feasible on many farms. 

LONG ROTATION PASTURES 

Many pastures left permanently in bluegrass would be helped by 
cultivation if it can be done without erosion. Such pastures can be 
plowed and put into com for one year. At the end of the year, the 
field would be seeded to bromegrass-alfalfa with oats. Such a seeding 
should remain productive for several years. After, if it becomes sod- 
liound, it can again be plowed and another crop of com produced 
while re-establishing the hromc-alfalfa. TTie grasts portions of such 
fields that cannot or should nor be plow cd are allowed to grow up 
during the year. They arc grazed in the early winter after corn has 
l>ecn harvested. 


PERMANENT PA.STURES 

Because of steepness or uf trcc.s, rock.s, or ditche.s. some passtures 
cannot be ploutd. I'bey must be left permanently in blucgra.ss. 
Often such pastures are badly infested with weeds and brush. ITicy 
produce little feed. In every case, these pastures can be made more 
prinluctise by mowing. Mowing controls weeds and brush which 
rob the soil and grass of needed moisture and nutrients. 

MOW BRUSH AND WEEIXS 

Perennial weeds can best be lonrrolled by mowing. MoW' when 
in the bud stage, usually earls July. P.isturcs with perennial weeds 
need to be mow'cd several seasons to I'hminate them. Annual weeds, 
such as ragweed, are easily conirolle • by mowing l«‘fore they have 
made seed. 

Buckbrush has become a senous problem on many pastures. This 
shrub can be controlled by mowing tince each summer. 1 he most 
difficult job is removing the first hcasy growth. 1 he growth in suc- 
ceeding years can easily be mowed iih an ordinary horse-drawn 
mower. Surprisingly heavy brush can be mowed with a pow’cr take- 
off mower. The tractor should Iw opeiated in low gear to produce 
speed on the sickle. 

Annual mowing of pastures should become a general practice be- 
cause it greatly improves production. 




Figure 17-1 Htoa/midifL sod m Ohio buni* piepand for plantini^ to 
pa^ttm in thi tra\h nmUh nnthod Sat////cf t\ dom w the trath (Soil 
( oust i> at ton Sc IV ICC Photo) 


MW AM) BIIIIR PASTITRF CROPS 

'1 he list of new and improved vaiictics of forage c rops is iiicieas 
ing I he siipcnor southern t\pes of hiomcgriss 1 ischtr, Lincoln, 
and Xe'henhaeh- arc aliead\ hiiding a permanent place on inan\ 
farms I he Range*r and Buffalo \ iiieties of alfalfa, highly resistant to 
bacterial wilt, will have an mi|)oitant beaiing on use of alfalfa in 
sccdings w ith bronu grass tor ha\ and pasture 
Other new forage varieties are |ust around the comer Ihesc m 
elude such varieties as 1 6 and I fV Icspedevas, Madrid swcctclover, 
1 nierson icd clover, lorced ciniiv grass, ladino clovci, and birds^ 
foot trefoil \11 of these are giv ing pionusing results in pasture sced- 
mgs 


TRASH All UH SFEDINC, 

Ihe trash mulch method of reclaiming or rejuvenating idle, un- 
productive land with legumes and grasses fills a definite need It is 
particulaih well adapted to tlie hilly sections of Ohio and similar 
are is cist w here This w as show n by practical field tests conducted in 
sixteen counties in southern Ohio from 1944 through 1948. The 
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trash mulch method of preparation means working up the land n\ ith 
some implement that leaves the plant residues on the surface. The 
trash is not buried as with ordinary plowing. The trials v ere located 
on private faims. In all, there ucre ninety rests on nineteen soil 
types. 

The trash mulch method of seeding is particularlv desirable on 
slopes too steep to plow A fairly idc range of slopes m as co\ ered 
by the tnals. &)me seedings were made on level land Neirlv one 
half of the seedings were made on idle land Some of the areas had 
not been cropped for tw cniy years. 

An ei]ual numlicr of test seedings w ere made on pasture land In 
many cases, it was equally as unproductive as the idle land JHMne 
trials were made on old meadows Ihc trials were inspected each 
year and rated as excellent, good, tair, or ptnir. 

Of the tests, 81 were classed as sutecssful at the end ot the first 
season There were 19 excellent, 2"* good, 22 fair, H pool, and 9 
failures the end of the second season, some ihrte or tour of those 
prcviousl) called failures wert i utd as successful. ^ tclds of tw o to 
three tons per acre of high i|u.ilit\ kgumt-grass haj were obtained 


figure /7-/. \\\LptH{r lomrta\\ \eiiUiI dntitly in cam itiibhU "utihout 
any Mtdbcd pn paiatwn^ Caddo ( oitnty, Oklahoma C onstrv it ion 
Sci vice Photo) 
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on areas used for hay. Other areas provided many days of summer 
pasture. 

The results of the field trials indicated ( 1 ) the trash mulch method 
is a good erosion-control practice. It is especially valuable in estab- 
lishing legumes and grasses on idle or unproductive fields. Erosion 
would be serious if they were plowed and prepared the usual way. 
(2) With the use of adequate fcrtilirer and lime, eroded and unpro- 
ductive hill lands of Ohio pnxluce profitable crops of grass and 
legumes, including alfalfa. (3) Sowing grasses and legumes, includ- 
ing alfalfa, is a logical first step in restoring the productivity of eroded 
and unproductive hill land. 

Failures or poor stands were the result of ( I ) inadequate prepara- 
tion (chief caasc), (2) lack of lime or fertilizer, and (3) improper 
seeding methods. 

Seeding is advantageous on sloping land for several reasons. Fore- 
most is its erosion-cimtrol value. The trash intercepts failing rain- 
drops. ‘I1iis preserves the open structure of the surface soil layer. 
The porous soil takes in much of the rain and little if any runoff 
<K'curs. Infiltration of most of the rainfall makes for a good supply of 
moisture for the seeding. 

Tlie trashy surface also reduces eva^Mirarion. This improves ^il 
moisture conditions. Also, most unproductive soils are low in or- 
ganic matter. When plant trash is left on the surface it is beneficial in 
other wall's r<M). It increases the efficiency of fertilizer. It preserves 
and increases the organic matter of the soil. It results in a prmluctive 
soil. It makes soil more favorable for the groxsth of grassland legume 
seedlings. 


WHERE TO U.SE THE METHOD 

The trash mulch seeding method can l)e used on ( 1 ) idle or un- 
pniducrive hill land where there is grass vegetation worthless as a 
feed, (2) on other hill land where improved grass and legume pro- 
duction is desired, and ( 3 ) on similar areas where a change in species 
of vegetation is desired. 

In the first category are idle areas covered with broomsedge, pov- 
erty grass, weeds, briars, and even thorn bushes. Usually such land is 
too low in fertility for general cropping. 

In the second category are areas now called pasture land, where 
the desirable grass species are thin and lacking in vigor. If such areas 
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have a fair percentage of bluegrass, they may be improved vkith the 
least cost. Limii^ and fertilizing bring low-cost improvement. If 
there is urgent need for increased production in the shortest time, 
trash mulching is desirable. Within a year’s time, trash-mulched land 
often will be near full production. 

The third utiiation may be somewhat like the second except that a 
different type of forage is desired. Many hill farms need additional 
hay. They also need hay-type summer pasture. ITiis need is often 
met by dual-purpose meadows. Occasionally a farm has more per- 
manent pa.sture than can be used to best advantage. Converting a 
part of this to a dual-purpose meadow is ro advantage. 

WHEN TO WORK THE CKOONl) 

Spring seedings arc generally recommended. It is l>cst to apply the 
lime and start working the ground the previous fall. 0>mplerc the 
preparation in early spring and nuke the seeding. Doing some of the 

ork the previous fall enables one to sow early in the spring. Ilie 
soil should he dry enough to is ork into a gcMid secdlied. Although 
early seeding is recommended, many successful seedings have been 
made well into May. Generally, the hirer the seeding, the greater the 
risk. 

Many successful suminei seedings have also been made. 'Hie rra.sh 
mulch method practically eliminates erosion. It also increases the 
amount of moisture in the soil 'Fhis is done by increasing the amount 
of water absorbed by the soil and by reducing evaporation losses. 

HOW TO WORK THE GROUND 

The first step in working the grou'id is the addition of lime. The 
amount applied is more important than nicthiHl of application. Have 
the soil rested. Apply enough lime to bring the soil reaction up to 
slightly below or to neutral, depending on the plants to be sown. If 
ladino clover or birdsfoot trefoil is ro be sown, soil can be slightly on 
the acid side. If alfalfa is sown, soil should be neutral. As previously 
pointed out, it is desirable to apply liiiic during the fall before the 
spring seeding. 

Work up the old vegetation with a heavy' disk, field cultivator, or 
amilar tool. A rotary tiller may be used if available. If an ordinary 
farm disk is used, it should be weighted with several hundred 
pounds. Stone, sand, or other heavy material may be used for weight. 
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We^hting is particularly necessary if the old vegetation is dense. 

Ordinary farm disks, heavy disks, disk tillers, or one-way disks, 
cutaway disks, field cultivators, rototillers, and even horse-drawn 
cultivators are used. A heavy disk, either offset or straight, or the 
one-way disk tiller do the job most rapidly. But they require con- 
siderable power and may cur too deeply. Tlie one-way is a bit diffi- 
cult to handle on steep slopes. On the whole, an implement like the 
field cultivator does the job most satisfactorily. But, if the old sod is 
heavy, this implement may leax'e the field rough. Disking may be 
needed to finish the seedbed. 

The preparation should be sufficient to make a fairly smooth, but 
not necessarily a finely worked, .seedbed. In fields where there is a 
fair sod of cultivated grxsscs, working up with a disk or cultivator- 
type implement may t)e difficult. It may be impossible to kill out the 
old gra.sscs. Shallow plowing is recommended on such areas. 

A word of caution is needed, however. .Many are inclined to think 
they are not plowing right unless they cur a good, deep furrow. A 
furrow' slice three inches or les.s, disked thoroughly, makes a good 
trajih mulch seedbed, (^ultipacking before seeding is a good practice. 
It is not .so essential as cultipacking a^ter .seeding, however. 

br()adc:a.st .seed 

Of the various methods of seeding that have been tried, bniadcast- 
ing after, or at the rime the fertilizer ls drilled, is recommended. Ar- 
ranging the seeder spouts to put the seed in back of the disk is a 
method of broadc'a.sting. 

Drilling usually puts the seed uk) deep. Band seeding has been 
tried bur is nor recommended. This method requires a fine, smooth 
seedbed. 


FERTILIZE UBER.ALLY 

Many successful scedings have been made with an application of 
400 pounds of fertilizer. An additional application of from 400 to 
600 ptiunds per acre of 0-20-10 is desirable. An accidental applica- 
tion of 1,000 pounds of 0-12- 1 2 gave an excellent meadow. 

Some excellent seetfings have been made using a complete ferti- 
lizer. Often a fertilizer carrying only a small amount of nitrogen is 
advisable. Nitrogen may stimulate surviving grasses which, in turn, 
may provide undue competition for the legumes. This is particularly 
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true if there is some bluegrass in the field. Topdressing grass and 
legumes in the years following seeding sometimes is a must. This is 
particularly true on soils that do not store potash. 

USE GRASS-LEGUME MIXTURES 

A good spring seeding mixture for hay or summer pasture is: al- 
falfa, six to ten pounds; ladino clover, one quarter to one pound; and 
timothy, six pounds, or bromegrass. eight pounds. For summer seed- 
ing cut timothy in half. For an all-season pasture for continuous 
grazing, the alfalfa may be omitted. Kven though the alfalfa goes out 
in a year or so under this management, there arc advantages in in- 
cluding it. The deep roots of the alfalfa add materially to the value 
of the seeding in rebuilding the soil. Alfalfa also materially increases 
the early production from the field. For an all-season, long-life pas- 
ture, birdsfoot trefoil bids fair to be the best legume. The seeding 
rate is three to four pounds per acre. Inoculation t)f birdsf<H)t trefoil 
and alfalfa is essential. 

Clip new seedings once or twice the first season to remove weeds. 
The field may ap|)car weedy and even unpn>mi.sing until clipped, 
(ira/ing ntay be substituted for clipping, if controlled. In favoralde 
seasons, some hay may be made the first season If so, cur before Sep- 
tember. 


PASTURES I OR THE SOUTH 

Because of mild, open winters, pastures can be utili/cd over a 
larger part of the year m the ^olIlh than in the Corn Belt. There is 
also a wider variety of pasture plants to choo.se from in the South. 

The Soil Oinservation Sertire Research Station at \Vatkin.sville, 
Cieorgia, conducted extensive pasture studies o\cr a period of years. 
The purpose w'as t<i develop suitable pasture mixtures for a wide 
variety of soil conditions. 

For bottom land.s, a mixture of Bermuda gra.s.s, Dallis grass, and 
white Dutch clover w'as satisfactory. Pa.sturcs consisting t»f this mix- 
ture supply grazing for seven montns- April through October. 
They have a carrying capacitv of one cow' unit per acre during this 
period. 

Kudzu makes an excellent pasture plant for steep hillsides and 
badly eroded and gullied areas. It grows luxuriantly in the Southern 
Piedmont. With moderate fertilization and little care it covers steep 




Figure 17-3. Eroded and abandoned land in Georgia. A •worn-out por- 
tion of a farm formerly used for rov} crops. Kudzu protects the soil 
from erosion and provides excellent grazing. (Soil Cemservation Serv- 
ice PlM)t(») 


eroded and gullied hillsides with succulenr and palatable herbage. 
Kudzu is rich in feed nutrients. It is a heavy mulch producer. Each 
year it lays down a mat of dead leaves to cover the ground and pro- 
tect the .soil. 

Established <hi critical areas, kud/.u conserves soil and water better 
than any other known plant. Its extensive root system reaches deep 
into the subsoil. This makes it practically drought-proof. 

Wherever kudzu grows, it builds up the soil. It adds organic mat- 
ter and nitrogen. Fenced in for controlled grazing, it is insurance 
against drought in summer and fall. It remains palatable and is rel- 
ished by cattle when grass in summer pastures gets old and tough. If 
not overgrazed, it soon renews its top growth. 

Kudzu can be grazed down in the fall and followed by winter an- 
nual grasses and legumes. Kudzu provides a “trashy” but rich seed- 
bed after disk harrowing preparations. 

Some reseeding types of winter annuals do w'ell following kudzu. 
Among these are ryegrass, rcscucgrass, vetch, and Caley peas. Oats 
make rapid growth when sowm in disked kudzu pastures. 

Tall fescue, fall-sown in disked pastures, does well in kudzu. It 
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produces valuable winter grazing after the kudzu tops die down at 
frost. Kudzu must be control-grazed during the summer, lliis pre- 
vents shading out of the grass. 

In the spring, kudzu pastures should be closed for about two 
months. This permits the winter annuals to mature seed. The dead 
plants add more ‘*plant manure’’ to what was originally poor, eroded 
soil. The new growth of kudzu becomes well established again by 
June. Kud/u produced up to four and a half tons per acre of dry hay. 
Of this, three tons were pasturable at critical times of the year. 

Sericea, a perennial lespedcza, is sometimes called “poor land al- 
falfa.” Like kudzu, it has the ability to make a dense stand on poor 
land when fertilized and given a little care. It is a mulch producer and 
a soil-improving legume unless mowed toii frct|iicnily or grazed too 
heavily. It also produces \alualflc seed crops that can be combine- 
harvested. After its first year of growth, it may be unlized for WMnn- 
season grazing - April to October. 

Young shoots of sericea arc tender and palatable As rht sniks 
exceed tw'clve to fifteen inches in height, the foliage heccMues some- 
what bitter. It is less palatable because of increasing tannin content. 
Farlv and consistent grazing, or clipping the taller growth until 
early fall, keeps the pasture in good condition 1 hi.^ controls weeds 
too. Plants should be albiwcd to make late f til grov th. I his main- 
tains vigor and .stand. 

SiTicea pastures may be oversown to winttr annuals (burclovcr, 
crimson closer, and ryegrass) on a disk barrow td seedbed. Pcicn- 
nial cool-weather grasses (tall fesc'ues and orchardgra.ss) may also 
be used. Once euablished, m# funlier tillage .ip[icars nrtess.trv. 1 hi^ 
provides a summer perennial legume and cool-w earlier perennial 
grass in e'ombination tin the same l.iii I. One makes its best growth 
w hen the other is rclativcls inactive, li nec-essarv, controlled grazing 
or special nitrogen fertilizer treatmem may be used to stimulate the 
grass. Lime, phosphate, and potassium may be used also. 

Both kudzu and sericea are exceedingly ' aliiablc plants to use on 
poor, eroded lands. They .supply the initial buililnp needed to pre- 
pare the land for other valuable plants /lat rctjuirc improved laiidi 

To meet the need for more w inter grazing crops, a separate up- 
land pasture should be designed. It should contain oars, reseeding 
crimson clover, and ryegrass for w'intcr grazing. (>abgra.ss and Ber- 
muda take over for a short time during mid-sumnier. This pasture 
requires a heavy disk harrowing. The harrow'ing is generally made 
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in late August. It should follow a rain, which softens the sod. Oats 
are drilled; clover and ryegrass volunteer. Spring is the flush grazing 
season, .so this pasture should be closed about April 15. A combine- 
harvest of clover seed can be made about June 1. This makes a good 
early winter pasture. It produces in excess of five tons per acre of 
hay-equivalent grazing in addition to the clover seed crop. 

Once the rather dry fall period is past, adequate rains can be ex- 
pected during the winter, lliis climatic condition makes it practical 
to use moisture-loving, cool-weather growers on fertile, well- 
drained upland soils. These should be control-grazed during the 
winter. 

When making disk- harrowed seedbeds on eroded upland soil in 
the fall prior ro seeding winter annual pa.sture mixtures, it is good 
practice (1) to apply complete fcrtili/er annually and lime every 
five years, (2) to use grass-legume mixtures, (3) never to graze the 
top growth closer than three or four inches, and (4) avoid grazing 
when the ground is soggy. 

Overgrazing is especially bad practice during the winter. All 
plants rc(]uirc warmth and sunshine for good growth, flool-weathcr 
growers arc no exception. In addition to a ro<»t system, they must 
have foliage. This enables them to rcs}M)nd quickly to temperatures 
that stiimilarc growth during mild spells. During the w'inter sunshine 
is reduced because the sun is low on the Imrizon; daj's are short. 
Cloudiness and long, slow rainy jK'riods further limit plant growth. 
Occasional cold muiis and fieczes stop pl.tnt growth. Overgrazing 
seriously interferes with plant growth under these condirioas. 

Overgrazing is ptwir practice at any time of the year. It increases 
runoff and erosion. It shortens the life and reduces the vigor of the 
sod plants and reduces the total amount of feed produced. Overgniz- 
ing also robs the soil of fertility. Fertility is otherwise built up in 
w'ell-managcd pastures. 

Other pasture plantings that show' real promise are ( I ) oats and 
annual Icspcdeza w'ith biennial swcetclover, ( 2 ) orchardgrass w'ith 
ladino and reseeding crimson clover, (3) scricea and orchardgrass, 
and (4) tall fescues w'ith ladino clover, Kobe lespedeza, swcetclover, 
or alfalfa. 

Upland pastures should be developed on land with prior condi- 
tioning. Kudzu, sericca, or rotations based on annuad lespedezas 
should be used to condition the land. Adequate amounts of fertilizer 
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and lime should be applied. This procedure offers minimum diffi- 
culty in securing stands and growth of small-seeded pasture 
plants. These plants usually are difficult to establish on eroded crop- 
land low in organic matter. 


Questions 

1. What important change is taking place in our system of farming? 
What is the cause of this change? 

2. What is grassland fanning? How does it differ from row crop 
farming? 

3. What are we finding out about the use of fertilizer on pasture? 
What are some other good pasture practices? 

4. What effects do legumes have on tlie potassium supply of the soil? 
"V^^hich is the best season to fertilize pastures? 

5. Are weeds always hannful in pastures? 

6. What becomes of most of the manure produced on farms? Arc 
legumes a dependable source for nitrogen tor other crops? 

7. What are the main steps in developing a sound pasture program? 

8. What arc the main steps in renovation pastures? 

9. What is meant by trash mulch seeding? How do you seed pastures 
by the trash mulch method? 

10. What are the main pasture grasses in the south? In the Com Belt? 
In New' England? 
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Protect the Soil and 
Ini[)rove the Range 


1 in' chief cause of soil detcTionition on grazing land is the loss of 
plant cover, '1 he plant cover Ls destroyed by overgrazing ainl poor 
land inanageiiient practices, exposing the ground to wind and rain 
'I'hc inipncT of falling rainilrops causes soil splash, puddle amf fer- 
tility erosion, heavy runoff, and other damage. 

'The vpnekest, most effective, cheapest way to restoic tlie range is 
by the use of the range practice best suited to the operation in- 
volved. Range practices sluaild lie effectively coordinated with 
natural growth habits and rei|uircmenis of the princi|>al forage 
plants. 

I'he state of health or productivity of a range is known as the 
“range condition.” Range condition never remains unchanged for 
long. It IS cither improving or deteriorating. Range deterMiration is 
the effect of a downward trend ot cemdition. T'ltc destrucrion of 
plant cov'er brings alwuit ileterioration of soil. Range restoration 
means stopping deterioration and bringing about an upward trend. 
This changes it from an unsatisfactory to a satisfactory condition. 
Four range condition classes arc recognized: escellent, good, fair, 
and poor. 

In any climate there arc many kinds of soils. On a given soil may 
be found vegetation types representing chma.\ or varying degrees of 
departure from climax. \n area that is imif<irm with respect to cli- 
matic and soil conditions is called a “site.” Differences between sites 
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Overgra/inp is responsibh loj much ot the soil desnuetion on 
grazed woodhnds It is the httei on thi ground, not the iohige on 
the trees, rhit provides the effective control of soil splish e uiscd l>\ 
falling raindiops VctinlK enision iniv be more severe on wooded 
areas than or idpcent unproteead nonvvooded are is Ihis is true 
where the ground b kept tru of litter and other low -lying plant 
eov er 

I he effect of remov al of ground eov c r f an be obsci \ cd w ith indi 
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vidufl] trees The foliage of the trees intercepts the fallings raindrops. 
The water is foniied into larger drops before it drops off the tips of 
the leaves When they stnkc the ground these larger drops arc more 
dcstructis c They splash more soil than diops falling directly as ram. 
The result is more damage if ground coscr has been removed. 

CORRECT GRAZING MiNAGFMENT 
PROTECTS mi SOIL 

Certain combinations of plants determine range condition on any 
range site It is (»nlv v\ hen a range is miniged so as to build up plant 
vigor that sve c\ptct the combination of plants kmwn as climax 
vegetation to become csnblislicd 1 his is accompanied by returning 
organic matter to the soil and prodiuing an tvccllent range condi- 
tion The soil on excellent range usually is darker in color than it is 
on pool range I his is because the soil contains t»rgamc matter -liv- 
ing and dead plant mattei, immil hie, and humus It has more plant 
litter on the surface f he deeav of this litter and the formation of 
humus impioics the soil stiueture Inipnned soil struLtuie inercises 
the soil’s abilitv to tike in and hold more itei for plants to use 

Future IS 2 On •uoodliinds it tl\ IttUi on thi ^nnind I'mi no* the 
/ei/iacre on *ht tucs that loniioh splayh iio^ion J hi\ luu tikm 
in Spokane ionnty, \\ ashini^ton tSeiil (onstnuioii Service Photo) 
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In contrast, the soil on poorly managed ranges is more compact at 
the surface. It is less capable of taking in water. It supports less vigor** 
ous plant growth. It has less litter on the surface. It is subject to more 
severe damage from raindrop splash. 

Both depth of soil and soil texture have a bearing on the amount of 
moisture the soil can take in and hold. It takes tu'o to three inches of 
water to wet a fine-textured soil to about one foot in depth. On the 
other hand, a coarse-textured soil requires less than an inch of water 
ro wet it a foot down. The finer the soil, the greater the holding sur- 
face for film moisture. 

RANGE CONDITION AFFECTS 
WATER ABSORPTION BY SOIL 

'Fhc sparse growth of gi.i 2 »s on ranges in poor ctmdition is due to 
two factors One is the lack of soil moisture. The other is the weak- 
ening of plants by loo-heavy grazing. The surface of the ground be- 
comes sealed. The watei runs off the surface as off a roof. The ease 
u ith which rain enters tlie soil and is available to plants is an impor- 
tant factor in grass growth. Sometimes it is more important than the 
amount of rainfall. Just after a rain a splendid time to .show how 
range condition makes a big dilFercnce m moisture infiltration. A 
go<id place ro make a comparison is w’herc a fence divides ranges of 
different condition classes. 1 lolcs can be dug to determine the depth 
of nioLsture penetration. 

In May 1948, after a two-inch ram at Marfa, Texas, Soil Conser- 
vation Service range specialhsts an<l a group of ranchers checked a 
site. A fence divided a range m good condition from one in fair con- 
dition. They found that the soil on the range in good condition was 
wet to a depth of thirty inches. Across the fence, the same amount of 
rain penetrated the soil only tw o incht\s. Three w ccks later, the grass 
on the range in good condition was heading out. The grass on the 
other side of the fence had grown up about two inches and then 
“burned up” for lack of moisture. 

Information was collected in 1947 in each uf the four range con- 
dition classes on a rolling hill site in w ^stern Texas. This showed the 
relationship of range conditions, forage production, soil structure, 
and temperature and rate of water intake. Range condition classes 
are based largely on the kinds of plants making up the forage cover. 
Current cover is compared w^ith the climax vegetation for the site. 
The most valuable plants occur on ranges in excellent condition. 



Figure Spai\i plant tout on th oicigiazcd ian{(c at the 

lift of this Jifl Daus (oitntyy lixas, lamh piovtdcs Uw ptotection 
ftont the unpait of thi fallwi^ lanidtop than th roia to th iii*ht 
I.es\ iL^atei pLihtiatis the soil 'l/hk thn is litth plant loiir than 
%eheu thic is antpli lOici to pioicit the soil asrainst th fallinii, laiih 
diop (SoiK cHistiv itumS(i\KC Photo) 


I he least saluahle plants pridoininitc on nngts in poor conJifion 
Allah SIS of these soils showed the pel cent of organic matter in 
the soil by range condition e I is,, as follow s 


1 xeclknr condition 

4 6' 

(jood condition 

U' 

Fail condition 

U' 

Poor condition 

: 1' 


'1 he amount of httei and legetation on these soils had a great m- 
flucne'c on suilaee soil temper iiures Soil tempeiaturc in turn af 
fected the tcnipcrariire in the surtue laser of soil Temperature 
readings in the sen face laser of soil on these range hiiels in \ugust, 
ssith an atmospheie tem|xiatuie ot 90 , were 


I \ecllent coiulition 
Ciood eondition 
I an condition 
Poor condition 


104'' F ihrenhcit 
liO 1 ahrcnheit 
1 14' Fahrenheit 
120 F'ahrenheit 


Moisture loss from esaporation iiicrease^ as soil tenijxraturcs in- 
crease High temperatures reduce the amount of moisture available 
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for plant growth. The high temperature of the soils on ranges in 
poor condition also affects the plants directly. Thus, the cover not 
only breaks the force of the ramdrops but also helps to keep soil tem- 
peratures down. 

The rate of intake of water on the same soil was determined by 
the amount of plant cover on the ground. The rare of infiltration or 
intake of water was in proportion to the amount of cover. TThe 
greater the amount of cover the higher the infiltration. Surface 
cover and soil conditions accounted for the different water intake 
capacities in the same .soil. 

Permanent characteristics of the soil, like tevture, exerted less in- 
fluence on the amount of water lost f»r held than did the differences 
in cover and soil conditions within the same sire. I lowever, w^ater 
losses were alw'ays high on ver\ shallow soils. This was true regard- 
less of cover or soil condition. 

The tests consisted of twenty-minute applications of t\v(» inches 
of water to twelve- by eighteen-inch plots. I'he plots were sticacd 
to represent different cover conditions. The water w as applied in the 
form of falling drops of controlled si/e and velocity. It was applied 
by a raindrop applicator mounted on a truck. W'atcr and soil leaving 
the plot either as splash or runoff were collected and measured. I'his 
showed the comparative effectiveness of the cove»* in preventing 
splash and water loss. 

The degree to which structure w ithin the same soil may ^•t^y w'ith 
co\cr conditions in respcmsc to past use of the range was deteniiincd. 
I he effect f>f these conditions on water intake w';is also determined. 
A series of three plots, havii » a jiicdium-teMurcd .surface soil with 
a tougli clay a few inches below, wet e used. 'I'hey lost 21 per cent, 
59 per cent, and 63 per cent of the w'.vcr applied in the test. 

The plot w'hich absorbed the most .vatcr was in fair condition. It 
had not been grazed for several years. It w’as covered with a den.se 
stand of vine-mesquire gra.ss. 'Fhc gra.ss provided 1(),605 pounds of 
cover per acre. Only 21 per cent of the w aicr applied ran off. The 
other 79 per cent was absorbed by the soil. 1 he soil had a jiorous 
granular structure. It w'ithst<M)d the u q>act of water drops during 
the test. This permitted free percolation of w'atcr into the soil. 

Another plot was in poor condition. It w'as formerly a cultivated 
area. Although lightly grazed at the time of the test, it lost 59 per 
cent of the water applied even thtnigh it had 3,520 ixiunds of plant 
cover per acre. The soil was densely compacted to a depth of from 
one to one and a half inches. 
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The third plot was in a cultivated field. The field had been plowed 
and prepared for planting a few weeks before. Young winter peas 
provided 1,082 pounds of cover per acre. This plot lost 63 per cent 
of the water applied. Although the soil was more porous than the 
preceding plot when the test ^gan, drops of water striking the sur- 
face quickly sealed it over. This prevented the entry of water. 

EFFECTIVENESS OF COVER 

The effectiveness of cover in preventing splash erosion is in pro- 
portion to the amount of cover present when the rain falls. There 
are two factors that determine the effectiveness of cover. One is the 
thoroughness with which the land surface is covered. The other is 
the weight or bulk of the cover present. Thoroughness of cover de- 
termines how well the ground is protected from raindrop impact. 
Weight or bulk of cover determines how well raindrop energy is 
absorbed. 

The amount of cover in providing protection from raindrop im- 
pact is more important than the type of plants, range conditions, de- 
gree of use, kind of crop, or other variables. 1 lie effcctivenc.ss of 
cover in reducing sod splash increased as the amount of cover in- 
crea.sed until complete protection was pros ided. Beyond this point 
additional cover had no further effect. 

Differences in gnmi-h form of the cover had some influence on its 
effectiveness. These differences resulted mainly fmm varying quan- 
tities of cover produced by different grasses. Differences \s ere gener- 
ally lost in the mixtures that make up range types. 

All range plants were compared to show etfecriscncss in reducing 
erosion from splash in relation to the amount of cover. On the basis 
of effectiveness, the different factors measured ranged in the follow - 
ing order: (1) soil coverage, (2) weight of total cover, O) forage 
density, and (4) average height. 

The completeness of soil coverage was the factor most closely re- 
lated to effectiveness in alisorbingthe impact of rain. 

The total •weight of cover was an almost equally reliable measure 
of its protective value. Weight of cover can be more easily measured 
than per cent of cover. Weight, therefore, is used as the standard ex- 
presaon of amount of cover. 

The density of the living stand of plants and average height of the 
standing forage provide a rough indication of the effectiveness of 
the cover in reducing erosion by splash. There was wide variation 
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from the general trend as determined for either measurement. In 
either case, the measure reflected in a general way the amount of 
cover present, but did not take account of the litter on the ground. 

The rather wide range in effectiveness of the same amount of 
cover suggested that more than one feature might have a bearing on 
the results. Two combinations of the above measurements gave 
closer comparisons than either of the single measurements on which 
they were based. 

This indicated that effectiveness of cover was best indicated by a 
dual measurement. The dual measurement reflects a combination of 
total weight and soil coverage The product of these tu o measure- 
ments was used as an index of “effective weight.” 

By this index, 2.000 pounds per acre of forage and litter covering 
per cent of the soil surface would liavc tlie same value as 4,000 
pounds per acre covering 2^ per cent of the surface. Both covers 
would have an “effective w'cight” of 1,000 pounds per acre. They 
w ould reduce erosion from splash by approstmatcly 90 per cent. 

AMOUNTS Of C.OV]:R REQUIRED 

These results indicate the usual or average amount of cover re- 
({uircd for anv' degree c»f control of soil erosion bv splash, regardless 
of luw the amount of cover is estimated. 

On the basis of soil-protection values, range plants and field crops 
can be grouped into three grow'th-fomi classes I hey arc ( J ) ordi- 
nary crops and grasses, (2 ) short s<id grasses, and tall cto}» and 
weeds. 

Curv'cs were plotted showing the average cffcctivxnss tif each 
growth form in relation to total w'e’<xht of cover. A fourth curve 
represents the average value of mivTurcs of species of different 
growth forms found in the range vegetation judged. 1 hese curves 
arc similar m fonn. 

Different degrees of effectiveness of the same amounts of cover of 
different grow'th forms reflect the natural amugement of the foliage 
characteristic of each growth form. "I ^'ese differences rapidly disap- 
pear with increasing amounts of cover as cffcctiv'cncss approaches 
1 00 per cent. Tall, coarse crops .ind weeds are not completely effec- 
tive in any amount. This is due to a ceitain amount of splash caused 
by drops falling from the foliage. These drops fall more than two or 
three feet after being intercepted and so are more damaging. 

Effective w'cight takes into account both the degree of surface 
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coverage and the total weight of the cover. It is especially useful in 
judging cover of unusual growth form or irregular distribution on 
the ground. When the plant materials are of average form, either 
weight or coverage alone is a satisfactory indicator of effectiveness 
in preventing splash. By average form is meant the grains, fine- 
stcmnied legumes, or mid-grasses, unifonnly spread o\ er the ground. 

The effectiveness of cover in reducing erosion by splash is char- 
acteristic of the cover itself. Tt is completely independent of the soil 
on which the cover occurs. These values should be applicable to any 
example of forage cover on any site and in any rain. Table 27 sum- 
niari'/es these results m tenns of average amounts of cover required 
to provide different degrees of effectiveness m controlling soil 
splash. 
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KVNCpLLiND 

VVesrem range Linds in the* United States aic usually arid. They 
often hn\e shallow or salty soils and steep topograph). Rainfall 
\ anes from four to thirty inches per year, bur less than fifteen inches 
over a large aiea. f^vaporation rates and summer temperatures are 
high. These conditions frcijnentl) result in sparse plants and low 
grazing capacity. 
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This lack of moisture makes proper grazing fundamentally iin- 
portant. If plant stability is destroyed, soil erosion may increase 
rapidly. Once exhausted and eroded, rangeland returns to normal 
only after years of reduced use. \^’ith projier managcmcni some 
ranges may recover within ten to fifteen years. Sometimes fifty to 
a hundred years or longer may be necessary. Unfavorable plant 
succession results from excess livestot'k numbers. It is generally be- 
lieved that ranch income is inilucnced more by numbers than by any 
other factor. As a result, o^xrrators strive for maximum numbers. 
They risk range destruction, rhus, knowing range grazing capacity 
is very important. 

Characteristically, livestock operations arc large Tremendous 
areas are involved. Fencing of small areas generally is uneconomical. 
It Ls not always possible to know the exact area from which forage 
is obtained. 

Seasonal migration is common in the mountainous area and on 
public lands. On these lands range animals nun e to higher ele\ at inns 
in the summer and to lower elevations in the \\ inter. 1 Kiwever, year- 
long use is the rule in the (Ircat Plains throughout the year without 
supplemental feed. Supplemental feed ma\ be added during severe 
storms or just preceding caUing and lambing time. (Jra/ing time 
IS not readily' varied as a management practice. Supplemental feeding 
is often impractical or uneconomical. '\s a res'ult grazing intensity 
on the range is usually determined mainly by numbers of animals 
alone. Adjustment to current forage production is difficult at best. 

RANC.E CONDITION CTCSSIFIC.ATlON 

At one time range students judged i mges on the basis of indicator 
})Iants. Such characteristics as densny, vigor, reproduction, and 
plant age-classes t»f the species composing the native plants were 
used to determine trend and detiation from normal or climax. 
W'herc stocking history was known, estinuttum of correct stocking 
w’as based on these faett^rs. More recently plant composition has 
been used as the main clue to range con^linon. 

The older method served as a basis for attempts at a more organ- 
ized analysis, termed condition classification. Deviation from normal 
is classed in one of four categories; from (.lass 1, which is virtually 
climax, to Class 4, which is dominated almost entirely by invading 
species. All characteristics may' be considered at once, or separate 
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classifications may be made for species composition, soil erosion, 
reproduction, and vegetation density. 

Attempts have been made to interpret such data directly into 
grazing capacity. Again, knowledge must be based on ranges of 
known capabilities, llius, if a Class 2 sagebrush range is known to 
yield twenty animal days per acre, it is assumed that other Qass 2 
sagebrush ranges of similar nature will do likewise. 

This method raises several objections. Among these are that it as- 
sumes knowledge of climax or normal condition. It is not always 
passible for inexperienced people to determine the climax with rea- 
sonable assurance. There is also the question as ro whether climax is 
the most desirable condition. Perha|» it is an uneconomical goal. 
Because of the number of factors involved, this method is too com- 
plicated for practical use. 

On the other hand, the plant composition method contains only 
one factor. It is simple, direct, and ra.siiy applied. And, trK>, plant 
composition reflects the sum of the effects of all factors influencing 
a given sire. It accurately indicates the stage in the plant succe.s.sion 
scale. Anyone familiar with those factors can tell how good the 
range Ls. 

Plant composition is the primary clue to range condition. Other 
factors arc useful also in evaluating trends in range condition. Some 
of the most important of tlie.se are plant density, vigor, soil tilth, 
erosion, livestock gains, and calving percentage. 

It is usually true that ranges in the top condition class generally 
have better stands of plants than ranges in losvcr condition classes 
Much depends on the sjiecics of plants making up the range forage. 
A range forage having a high percentage of clima.\ species mav l>e 
more valuable even at lower densities than one with a high density 
composed mostly of invading species. Important changes in stand 
or density of vegetation aid in determining whether the trend is 
moving upward or downward. 

Like density, vigor can be a valuable aid in determining range 
condition if it is pm^ierly understood. High vigor indicates the 
plants arc improving in growth. But vigor alone gives no clue to the 
range condition. Range vegetation may be of high vigor on any 
range condition if the range is properly stocked. 

The condition and amount of litter indicates whether a range is 
improving or deteriorating. If litter is accumulating it is usually safe 
to assume the range is improving. The converse is also true. How- 



PROTECT THE SOIL AND IMPROVE THE RANGE 279 

ever, the amount of litter alone k not a sate basis on v hich to )udg€ 
range condition A properi\ grazed piKir-condition range consisting 
mostly of invaders ma^ ha\ e an abundance of litter 

Active erosion is usually asscnriated vsith inadc(]uatc plant cover, 
l^ikew ise, erosion scars usu dl\ arc found \\ here the total plant cover 
IS increasing The aliscncc of erosion dots not ncccssinU indicate 
good or excellent condition Iht plint covci inav be composed 
mostl\ of annuals It is ircnciillv true thit nngts in excellent or 
Cfood condition art less apt to erode ♦hin those in t iii ind poor con- 
dition 

The use of low quality Incsiock o\ci stocking oi other poor 
management piacticcs can cisilv offset tlic idvant igcs aiising fiom 
excellent to good condition ringe XctuiIK , utuins ini\ be grcitcr 
from t nr-condition ringc th in from good condirum i ingi Manige 
nient practices on fan condition rinoes usiiill\ uc in keeping with 
the condition of tht forac^c I hese f icror, on i good condition i inge 
ire given little or no mention llowcwr when good nnnigcnunt 
is pnetictd returns lu usinlls gicitci fi MiKxccIlcnt conditifin than 
It on I lov\ er condition nnges 

MI \MNC- or GRV71M. C \P\(II\ 

^o^age production in the v\csrtin United St ires \ iriis innually 
because of weather On pcitnnnl i im^es pioUuction iiny varv 
threefold Production of mnud vigit ition ini\ vaj\ tenfold fioin 
one \eir to another Such \ iriuion rtqmiis either \ci\ conscr\a 
ti\c use in productne seats i licxibihtv iii pumhe* (»f 1 im stock 
from year to year 

Proper stocking is n g irded is tlie 1 ust l ittlc o» slice p numbers 
that can graze each )f'ir on i ei\cn irci ol ••ingi. I licy i lay gri/c 
a specific number of divs without cuisine* i downward trend in 
forage production, forigc ciiialitv , oi soil 

In many vvi^s, this is a w isteful nicrh )d of dctci mining rate of 
stocking If forage is to f>e idcijuatt in vears of low })roduction, 
there must be excessive amounts of ung i# cd forige in years of high 
production We have no reason to believe overuse in one year can 
be made up by underuse in another y eir I lence, stocking that re- 
sults in correct use in the average yeai docs not appear to be the 
answer The general practice is to stoc k so as to prevent overuse of 
available forage in any but the most extreme drought Stocking 
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should be heavy enough at all times to adequately utilize the forage. 

In determining the stocking rate, it should be emphasized that 
some plants must remain on arid ranges when the range is fully used. 
This is absolutely necessary ro plant welfare. Rainfall is not suffi- 
cient always to give enough regrowth of foliage to replenish food 
rcscrve.s. Clrazing capacity is also influenced by the lack of uniform 
distribution of livestock. Cattle, e.spccially, are not uniformly dis- 
tributed over a range of steep topography. More accessible spots 
may be grazed to a dangerous degree before full use is made of i(‘ss 
accessible forage. Rate of stocking must be based on the capacity of 
im]M)rtant accessible s}iots or “key areas” rather than on the forage 
produced over the entire range. 

RANGE (XINDITION 

Range condirion descriptions dare back to Biblical times. I-'arly 
herdsmen a.ssociatcd condition chiefly with weather. In fact, effect 
of weather is so direct and obvious that other factors are frequently 
overlooked and even denied. Rattge students have recogtii/cd that 
long droughts cau.se changes, 'llierc are changes, nor only in the 
amount, but also in tlic botank'al conqvositton of the plant eyver. 
They have also known that ranges run d*)wn from niLsusc of plants 
and soils through both wet and dry years. 

Stockmen have been sUiw to accept such evidence as a reason for 
adjustments in grazing, lamg experience has shosvn a constant and 
direct relation between \v cather, forage, and returns. Furthermore, 
with the same weather, differences in productivity were charged to 
different kinds of rangeland rather ilian to conditions on the same 
kind of land. Acceptable evidence of improvement or decline, there- 
fore, requires separating the effects of grazing from the effects of 
w'cathcr. It Ls al»> necessary tt» show the effects of different grazing 
practices t>n the vcget.uion of different kinds of land 

DEVEIXJPMENl OF AN APPROACH 

The effect of graz.ing on the condition of tw’o kinds of ranges 
were studied over a nine-year period in the Southwest by the Soil 
Gtnservation Serv'ice. One range was a natural prairie on clay soils. 
The other was a sa\ annah grassland containing scattered trees and 
drought-resistant imdergrotvth on sandy soils. In each, comparable 
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soils and climate made possible comparisons of undisturbed areas 
with areas having various grazing histories. 

The results permitted measurements of the degree of departure 
from climax. These results were used in the development of a suit- 
able range inventory. This approach was based on research findings 
and on testing these findings over a wide range of conditions. 

Several methods of rating range condition have been and arc 
being used by various agencies. However, this qualitative-ecologic 
approach is used by the Soil Conservation Service in assisting 
ranchers to establish soil and water conservation programs. 

DEFINITIONS AND APPLICABILITY 

The tenn “rangeland” is applied to grassland areas. These areas 
have soil and climatic conditions which, through secondary plant 
succession, lead to climax suitable for natural pasture. Thus, areas 
with prairie, savannah, or desert-shrub climax arc included while 
areas with forest climax are excluded. 

The term “climax” refers to a relatively stable vegetation where 
plant succession is etjual to soil development. It Ls believed that clas- 
sification of range conditions should be limited to ranges or natural 
pastures. They should not be applied to tame paMturcs unless the 
object is to restore such areas to natural pasture. 

Natural plant succession operates to improve ranges. But on tame 
pastures the same process opeiatcs to replace the artificially e.stab- 
lishcd vegetation with natural vegetation. When there is not an ade- 
quate natural source of seed * f successively higher species, seeding 
may be necessary even on natural pastures. 

Wooded lands with forest climax .sht.uld not be classified as range. 
They should be classified as forc.sts. 

The term “condition” is used here as a “state of being.” Because 
conditions may be changing, a report of cj>ndition always refers to 
a certain time. A practical c.la.ssification of range condition n\ust 
provide sufficient freedom within each class. Lnough freedom }>er- 
mits inventory and mapping of range potential condition. This 
enables a range manager f o recogni/c an attainable goal. 

Condition ratings are sometimes improperly applied to the for- 
age types.” Forage types themselves frequently represent a condi- 
tion. The need for distinction between site and forage type is 
necessary. 
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Consequently, description of sites must precede efforts to determine 
omdition. 

A distinction must be made between condition and trend. 
“Trend" is used in the common sense: that is, “a general course or 
direction." Ecologically, upward trend is secondary succession. 
Downward trend is degeneration of the vegetation. Current trend 
must be known in order to adjust management intelligently. Thus, 
a change in trend due to sca-sonal drought may require immediate 
bur temporary reduction in livestock numbers. 

Soil erosion and soil stabilization arc generally associated with 
range condition. Both should be regarded, however, as features of 
trend rather than condition. For example, during an erosive summer 
rainstorm, some .soil and even plants might lie lust. After the stonn, 
e.stablLshcd plants might send out enough new shoots to re-establish 
the soil. I'hc net change in soil or vegetation a few months after the 
storm might lie too small to measure. It would not provide a basis 
for change in management. Nor would a new range condition class 
be recognized. This is true even though minor changes in condition 
would have occurred. 

At the other extreme, a suinmer stonn might erode virtually all 
of the soil from a pKitly managed mountain slope. In rhaucase 
even the basis for classifying the condition t»f the site would have 
changed. Before the storm a co\ er of jicrcnmal midgrasses may have 
been the climax. After the stonn, the area might support little more 
than scattered annuals. The presence of the annuals would represent 
excellent condition. F'videncc of past erosion is evidence of past site 
modification. Range condition should be rated with respect to the 
greatest amount of vegetation the site can produce at the time of 
rating. 

Removal of livestock during the growing season should result in 
an upward trend. Grazing of a pasture in alternate years causes 
alternating upward and downward trends in the vegetation. But it is 
nut wise to change the condition class each year. 

PRINCIPLES AND PRACTICE.S 

Under climax or original conditions, close relations existed be- 
tween kinds of vegetation and kinds of soil in each climate. Now, 
the vegetation on most ranges also reflects grazing use. Under graz- 
ing, the vegetation deteriorates much more rapidly than the soil. It 
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is thus possible to detranine the potential composition and forage 
production of grazed sites. This is done by comparing the depth of 
topsoil of grazed areas with that of areas in the same climate that 
retain climax or undisturbed vegetation. N^onnallv soil and vegeta- 
tion develop equally up to a jHiint. This }wint is limited by climate. 

The interaction of soil and v'cgctation in normal development may 
be alternated by grazing. The result is a “kind of vegetation*’ not in 
balance with soil. The extent of this departure determines range 
condition. Natural processes ojicratc constantly to restore equi- 
librium. Consequently, natural processes alone will in time restore 
the range to top condition if permitted lo operate. 

Prairie species have been divided into three groups: “dccrcasers,” 
“increasers,” and “invaders.'* The pn^portions of these groiqis pres- 
ent provide a quantitative index of range condition. 

The dccrcasers and increasers arc species found in the climax plant 
communities. Dccrcasers arc those which, under grazing use, de- 
crease from the percentage found in the cliiivax. Increasers arc char- 
acteri/cd by a period of increase, after which they too may decrease 
Invaders are species that enter plant (oinmunities as the climax 
vegetation is destroyed. Invaders cannf>t withstand the competition 
of the climax coriiniunity. If invaders were present in the original 
vegetation, they occu})icil disturbed areas (such as mounds of bur- 
rowing animals). 

Trends in relative amounts of tlie three groups of plants were 
used to develop a method showing the course of degeneration. 
I fence, the nature of secondary succession to be expected on specific 
sites w as shown. 

The course of degeneration may be finely divided into four 
condition classes: excellent, fair, gocK and poor. I he total of dc- 
crcasers, increa.scrs, and inv aders is alw ..ys 1 00 per cent. 

In using this system, field men make a }ircliininary study t>f pjis- 
turcs. They determine the climax species. 1'hcy also ii.se available 
local re.search information. I* or each site tbev prepare lists of dc- 
crcasers and invaders. The increasers are listed with their known 
maximum relativ’e coverage in the clima* Jor each site. This provides 
data for application of the method. 

It has been found practical to csiimate relative coverage of dc- 
crcasers, increasers, and invaders to the nearest 5 per cent. This is 
based on the total uf all foliage produced in average years. Relative 
amounts of various species are more certain evidence of |)osition 
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than is the density of total vegetation. Annuals and treetops beyond 
the reach of livestock in savannahs must be included in the estimates 
of the relative amounts of decreasers, increasers, and invaders. In- 
crease or invasion by annuals and woody plants results from range 
destruction. 

To check forage production on a range in each condition class, a 
two-foot s(]uare can be laid out. 'File vegetation inside the square 
is clipped and weighed. Litter in this .same s(|uare should be collected 
and weighed. This shows how much is being returned to the soil. 
These weights reflect the accumulated amount of litter but not the 
exact amount returned in any one year. 

Grass production can be increa.scd scscral times by properly man- 
aging a range to bring it back to excellent condition. 

coRREcrr stoc:kinc of range important 

Correct u.se of gra.sslands is the key to maximum sustained live- 
stock production. It is the way to obtain forage growth needed to 
provide adequate protection fur the land from falling rjindrufis and 
from wind. 

A rancher in (Joke Oiunty, Texas, produced more pounds of 
laiiil) and wool from 200 ewes per section than w,is previously ob- 
tained from pa.sturing 2^0 ewes }x:r section on the same land. Tlic 
200 ewes, managed under a deferred graving system in s]iring and 
then pa.stured on a rotation system, pnuluccd limbs with an .i\er.ige 
weight of 71 pounds. This is 24 pmnds greater than the average 
weight (47 jMiunds) of Iambs from ewes grazing at the rate of 2?0 
per section. 

On a sheep and cattle ranch near Presidio, Texas, hca\y .sUK'king 
w’ith lightweight ewes resulted in a low lamb crop. This lowered 
the total production of livestiK’k products, llie rancher reduced 
the number of animals by approximately 30 per cent. 1 le obtained 
higher yields, increa.sed lamb crops (90 per cent compared w'ith 65 
per cent) and higher calf crtqis. Dividing large pastures into several 
smaller pastures permits correct sca.sonal use. This is one of the im- 
ptrtant ways of maintaining range in good to excellent condition. 

The proportion of annual growth of forage that is hars'ested by 
livestock is an important factor in maintaining plant vigor. Plants 
must have adequate leaf surface and re.sr periods to stay strong and 
vigorous. Vigorous growth of palatable plants is assurance that live- 
stock receive nutrients essential to greatest groivth. 
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Dcstrurtion of too much top growth by excessive grazing is the 
first step in range deterioration. Xhe process is sped up by other 
developments. These developments make it difficult for better for- 
age plants to survive. Invasion by less desirable plants indicates range 
decadence. Management practices that permit desirable plants to 
grow normally are essential to restoration and maintenance of de- 
sirable species. Highest sustained production of livestock results. 

SEASON OF USE OF FORAGE IMPORTANT 

The season of use is important. It niav influence range mainte- 
nance as much as intensity of grazing. ITic danger of grazing too 
early in spring is well known. Amount of use in the fall may be 
equally im|>ortanc. It is generally thought that perennial grasses arc 
immune to damage during their (KTiod of dormancy. Studies show, 
however, that growth is in prcK-ess throughout the year. Damage 
may be as extensive during the so-called donnant stage as during 
the early stages of seasonal growth. 

Fall grazing of blue grama may be a more critical period than 
spring, 'riiis IS due to the fact that the r(»ots and buds arc getting set 
for growth during the next season. Since tins is true, deferment of 
fall grazing assumes great importance m managing lange land. Seed- 
lings of blue grama rarely develop into plants. New shoots arc 
readily developed and management should encourage this process. 

Ranges in fair or pwr condition need longer resi periods tlian 
those in good or excellent condition. Rest periods restore the pro- 
ductive capacity of the desire'’ fotigc species. Kven moderate graz- 
ing should be postponed at times. It should be delayed through the 
growing season and in the fall. It should be delayed until danger of 
disrupting the normal growth proccssc* is at a minimum. 

ADJUST GRAZING I.OAD TO FLI^CTUITION 
IN FORAGE PRODUCTION 

Variable factors make the adjustmert of current grazing use diffi- 
cult to coincide with annual fluctuations in forage production. A 
system offering a practical solution to this problem is being used by 
a number of ranchers. During a low rainfall year, this sy.stem adjusts 
size of breeding hc^d to the anticipated forage production. It ako 
adjusts to other factors contributing to bclow-average produedm. 
During years of surplus forage production, calves may be carried 
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over to utilize the forage. Marketing dry cattle and colling inferior 
stock is the first step. 

Experiences during the recent drought in the Southwest range 
country have shown the soundness of such a program. Ranchmen 
brought their herds and grass through Texas’ greatest drought in an 
almost miraculous manner. Table 28 gives the livestock production 
record of the 10,000-acre ranch owned and managed by Edwin 
Sawyer, Sonora, Texas. 


TABl.1' 28 


Liviskkk Proikc I ion, Fia\in Sawiir Ranc h. Sonoka, Texas, 1948-1953 
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rainfall 6 19 inches late into summer 

Sawyer’s lamb, w(k>1, and beef pn^lucrion held almost the same 
from . The last four years were extremely dry. This 

unusual success is due to the kind of grassland management Sawyer 
used for several years. Sawyer gave his range good care prior to the 
drought. As a result, the range kept on producing in the scanty rains 
that fell during the four severe drought years. Sawyer’s grass w'as 
hurt during the dry spell, hut enough gtKKl grass remained on the 
ground to have regrassed the range had good rains followed. 

DEFERRED GRAZING INCREASES 
FORAGE PRODUCTION 

Deferred grazing (delay ed use of fort^e on portions of the range) 
provides a practicable sy'stem of increasing forage production. Buf- 
falo grass yields as much as 20 per cent more forage when grazing 
is deferred six to eight weeks during the growth period. Additional 
feed resulting from this practice is important to the production of 
higher yields. 

Ruff aio grass and other plants of riimlar growrth habits, like curly 
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mesquite, respond to short periods of grazing deferment. Blue grama, 
sideoats, and the blucstems make a greater contribution of for;^ 
when deferment is for a longer period. 

TolMisa, threcawn, and black grama have peculiarities unlike the 
plants mentioned previously. These arc attractive to livcsttKk for 
only short j^ieriods during the year. In mixtures tvith more palatable 
plants, these less preferred pLints ate not fully utilized. When they 
occur in appreciable quantities, they may be isolated fur use during 
the brief ^icriods when they are most succulent. Otherwise, plants 
w ith higher palatahility may be grazed e.Nce.ssively. At the same time 
less preferred plants are given an opportunity to increase. They then 
make up a larger part of the plant conmiiinity. 

Know ledge of the kind and amount of for.ige available is essential 
to good range management. Knowledge of seasonal development 
of the forage plants is also iin(K)rt.tnt. Time and intensit}' of the 
harvest to which the plants can lie subjected without rediiang the 
mavimuin v leld of forage for Inestiu-k production should be known. 
These .ire fiindamenial. 1 liey should be considered in planning the 
use ol range lands. This w ill m.ike it possible for ranges to yield their 
highest continiH d production 

MtNW.lMINT (>I RFSEFlirn RANt.K.S 

Mush progress h,is been iu.idc during the last twenty years in 
acsding perennial gr.isscs and legumes, (irasses are seeded on stib- 
m.irginal and adapted areas of rundown ranges. Unfortunately, 
^'oung seedlings are olts'ii grazed before they arc well established. 
They arc also graze d too eai I) in the .season .is w ell a.s tcKi closely and 
for too Jong a period. This causes early lovs of .some gtKid to c.\'ccl- 
Icnt Stands. 

1 \j)cricncc show s it pay s to protect new seedlings from all graz- 
ing until the young plants develop good nxits. Roots which can 
.mchor themselves to withstand the pulling effects of graz.ing arc 
Jc\ ekqicd one to tw o y cars after seeding. 

Seeded grasses are just about as delicate as the important native 
perennial bunchgrasses. Neither will hold up very long under ex- 
cessive use if grazing begins early and continues throughout the 
spring and early summer. New growth of the more palatable grasses, 
if closely grazed in early spnng, will be repeatedly grazed through- 
out the grow'ing season. This prevents the storage of needed food 
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reserves in the roots It exhausts the stored food and results in early 
starvation and death of the plants 

Three nunagcincnt practices apply equally to seeded and native 
perennial bunchgrass range 1 hev also make up the range improse- 
menr program 1 liesc three groups arc grass or forage management 
|>rac rices, f icilitating or cnaliling practices, and special forage im- 
pro\t‘mcnt practices 

GRASS OR IOR\Gl SUNU-FMCNT PR \C TICES 

(irass and forage manageiiicnt practices must be used on both 
seeded and natise perennnl grass ranges Ihey arc parneularl) 
nceessarv if Yields art to lit mainiaincd I lust* piaeticts include 
rotation and deferred gii/ing, jiroper use ot grasses, and fire pre- 
vention andeontrcl 

Rotation and deferred gn/ing art the most important inanage- 
nicnt practices If pioperh used, ihev allow the livestock to hirvist 
each ) ears forage crop I he e rop is h irvested w ith the least disturb 


IH-i I XiilUiit loihittiott hvufi in (in ( oniit\, lixas I hi 
ItnuiiiUit plant loiii, pmutpall) htffh piodtuifu* pifi 

^ndes LlJatm iovtiol and fr/zwo/m a maximmn amount oj 

litd (Soil ( oiistiv umn Scititt Photo) 
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ance of normal plant growth. It is possible for plants to store up 
needed food reserves in their roots each year. This is necessary for 
survival during the dormant season. It also permits good growth tlie 
following winter or spring by enabling the important grasses to 
produce seed. 

Rotation and deferred grazing on ranges w'ork most effectively 
on three, four, five, or six pastures of equal forage production capac- 
ity. This is true regardless of whether grazing is during spring and 
fall or during the spring, summer, and fall. Two-pasture systems 
work quite effectively on summer ranges. 

Proper utilization of seeded and nari\T perennial forage gra.sses 
safeguards their vigor. It assures mavimum production and lessens 
hazards imposed by steep slopes and unstable soils. Proper utilization 
permits accumulation of residues. This protects the soil from .splash 
erosion and incrca.ses water intake. This increased supply of u*ater 
assures higher forage production. Benefits resulting from continued 
proper utilization of forage glasses arc cumulative. Fhat is, they 
improve with time. 

Firts can undo ail gains made from reseeding, rotation, deferred 
grazing, and propci utili/ation. 

F\CI1JTATIN<* OR r.N\BLING PRACITICES 

The installation of certain facilitating and enabling practices is 
essential. I'hcy are necessary for successful forage management pro- 
grams. These include adequate water supply, fencing, and proper 
placing of salt. 

An ample, clean, dcpcndalilc supply of stock water is important 
in gness management. The \satcr should be well located in each 
.seeded and native pa.sture. It slumid be ample to water heds daily 
during each grazing period. A poor water supply in any one pasture 
presents the use of an effective rotation-deferred system of grazing. 
Springs, ponds, and \\ ells may be used to .supply water. 

Planned fencing, especially on cattle ranclie.s, is the key to the 
control of Ih estock numbers on any pa.sturc. Periods and degree of 
grazing in each rotation and deferred pasture should be governed 
by the condition of forage. 

New seedlings must be protected from grazing until they are 
well established. On cattle ranches, protection usually requires the 
construction of cither temporary or pcnnatient fences. Permanent 
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fences are expensive. They should be built only on pasture bound- 
aries designed to fit into a long-time rotation and deferred grazing 
system. New seedlings on part of a pasture may be protected by 
temporary fences. 

C)n .sheep ranches, new seedlings can be protected by herding 
fiocks of sheep away from seeded areas. An effective rotation and 
deferred system of gracing can frequently be carried out on sheep 
ranches without fences. This is especially true on ranges divided 
into natural grazing units by such topographic barriers as streams 
and prominent ridges. 

The well-known practice of placing salt away from water should 
l>c applied to new seedlings. I'he salt should be placed in the Icast- 
u,sed parts of the range. 

Building up and using enough winter feed reserves makes it pos- 
sible to delay grazing of the reseeded areas each year until they arc 
ready for grazing. This kcc|is stock off the range for about twenty- 
five days in early spring. Kvtra fall feed for about twenty days 
assists also. It makes it |K>ssibIe to remove the stock from seedlings 
in the event that early rains make the ground too unstable for 
grazing. 


SPECIAL FORAGE IMPROVEMENT PRACTKIES 

Brash eradication and cmurol, range fertilization (es}>ccialiy of 
annual cro[>s), and reseeding arc three special forage iniproveuicnt 
practices which arc important. 

A number of varieties of brush invade neu seedings and old 
stands, even under light grazing. I'hus far, mechanical means of con- 
trol have not generally proved practical. Some of the chemicals now 
in use offer more promise. 

Successful stands of perennial grass and legumes in central and 
southern California have been established. Ciood cultural practices 
have made this possible, litis included the use of fertili/.ers after 
a year’s establishment. Fertilization of native perennial grasses Is as 
yet a relatively new field but promises to become more important. 

Cio<k1 production management begins before .seedings are made. 
The best sites should be selected for the first seedings. An existing 
pasture with deep, fetrile soils but in a rundown condition is a good 
seeding site. Sites that can be developed into new and practical pas- 
tures may be seeded also. Seeding of abandoned croplands has 
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proved satisfactory in many instances. Their soils usually are deeper 
than the average range soils and the chances for success arc good. 
Seeding areas should be large enough to justify establishing facilities 
for proper grass management 

\Vhcre new secdings arc mixed with native range, they should 
be extensive enough for an economical unit This encourages the 
rancher to protect them in his grazing management program. 

The degree of grazing use of seeded and native forage species 
\ anes from 30 to 70 per cent The safe degree of use depends on a 
number of factors. They include important grass species, stabihtv 
oi the soil, slopes, periods ot grazing, and other factors affecting 
safe use of forage 


FVAI DATING RINGL TORAGL 

More net profat tan bt made fn>m tonstnatu t grazmg than from 
oscrgrazing Kttpmg grazing use in lint uith grass yield produces 


iifrure 18 5 Ciood (ovdition )av{fi w Nihtaika A plant LO^er itich 
as tUs th ^huh pLtdfnnl huhihinawis still piiilominau, is iflictite 
n nilitiwif lanidtop splash nosion Rinm of thn sort proditds from 
u pi} uni uf all the foiatfi possihk (Soil Ccmser\ uion Sersice 
Photo) 
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more pounds of animal products from fewer animals than when the 
range is overstocked. As a result of this discovery, the Soil Conserva- 
tion Service developed a method for determining the grazing capac- 
ity of range land. It is known as the “range-condition method.” 
Under this method, the range is classified as to condition by eco- 
logical types. 

Fjich major plant as.v>ciation generally represents an ecological 
climax. But all areas within the climax nia\ not have the same pro- 
duction possibilities. The classification is designed to indicate the 
relative productivity of different range areas. Consetjucntly, ty|)es 
differing in pitenrial productivity must he separately described. 

The valiji range lands commonly varies in proportion to the 
aniount of forage produced. This for.ige production can lie ex- 
pressed as range condition. In general, the higher the for.ige produc- 
tion, the better the range condition. 

Such f.ictors as forage comptisition, erosion, litter accumulation, 
and forage dtnsity differ in the several condition chsscs. R.mgc con- 
dition is tleteniiined by analy/ing and segregating these factors. A 
scorcsheci or guide has been developed for the rapid clas.sification 
of all the ranges of this type. 

ExcrllentK'ondiiinn ranges. Ranges in excellent condition dojior 
need restoration. '1 hey already are jiroducing all the forage possible 
under the existing climate. The jilant cover jirotects the sfi'l from 
.ihnonnal erosion and maintains rhi fertilitx. The better forage 
plants particularly the dteper-ro«ited perennial gras.ses- predomi- 
nate. 1 lovvever. the re are some p.xlatable weeds and shrubs on some 
ranges. Bettei pLints reproduce well in favorable \ears Some litter 
ctivers the grinind. '1 he topsoil is loose and friable, containing dark 
organic matter. 1 here is more organic matter in areas of high rain- 
fall than in the semi-desert. Hie soil is porous and reailily absorlis 
large amounts of moisture. Runoff water is clear. Ranges in ex- 
cellent condition serve every purpose .is fully :is possible. 

Good<ondition ranges. Ranges in gcKid condition generally arc 
satisfactory, although they produce less forage than those in es- 
celkmt condition. Tlie better perennial plants predominate but there 
arc .some less palatable ones. I'he plant cov'cr Is thinner. Usually 
there is less litter and the topsoil may contain less oi^nic matter. 
Krosion, if it occurs at all, is slight. Ranges in good condition should 
be grazed conservatively. They should be managed so as to en- 




Figure 18-6. han-condiuov lamiL mat lexas. (Soil Consenation 
Service Photo) 

couraj^e rlic more palatable plants. Restoration is nor difficult or 
tune coiisunimg 1 he better forage plants and soil art still there foi 
(]UM k improvement 

r«iit<ondition ranges. Ranges m fan eonditiein are iinsatisfac 
torv 1 he climax cover has liecn so severely disturbed thu restora- 
tion ma\ be a slow process Valuable toi age plains are considci ably 
reduced in stand I heir place is occupied either by bare soil or less 
palatable perennial grasses, weeds, and shrulis Annuals luve usually 
increased. There is less total plant cover and Inter W'lthout suffi 
cient plant cover (2001) lbs per acre) there is apt lo be icrivt ero- 
sion, particularly on slopes 1 he dark tojisoil layer may be seiiously 
disturbed It may contain onl\ moderite amounts of organic matter 
and have only fair capacity to alisorb and hold moisture The ex- 
posed surface of clay and silt soils may lie hard and crusted. Runoff 
watei may be loaded with silt Fair ranges slip quickly to a pool 
condition if neglected but, when handled carefully, they can gradu- 
ally be restored. Reseeding is often practicable. 

Poor-condition ranges. Poor-condition ranges have lost much of 
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the forage stand. In some cases much of their topsoil has been lost. 
They produce only a fraction of the forage grown on similar ranges 
in good or excellent condition. Few of the more valuable perennial 
forage plants remain. Lrow value annuals or such perennial weeds and 
shrubs as snakeweed, juniper, and mesquitc may predominate. 



Figure 18-7. Poor-condition near Nocona, Texas: Just 1^ yards 
away, mid on the sme site, was a range in excellent condition. The 
principal plants here are prickly pear and Japofiese bromegrass. (Soil 
Conservation Service Photo) 


In extreme cases removal of topsoil by washing or blowing may 
have exposed the subsoil or left a gravel ‘ pavement. In this case 
the soil may have little organic matter and a low moisture-holding 
capacity. There may be active spksh- and some gully-erosion. Run- 
off may be rapid and heavy with silt. The job of restoring poor 
range to full productivity is a major one. Years, even decades, may 
be required to gradually build back the organic matter in the topsoil 
that marks satisfactory condition. Where soil and moisture cona- 
tions permit, ranges in poor condition should be reseeded. They 
should be seeded to adapted forage species to hasten recovery. 
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Qi'EsnoNs 

1. What is the main cause of erouon on our range lands? 

2. What do we mean by “range condition”? How many range condi- 
tion classes are there? 

3. Describe each of the range condition classes. 

4 How much range forage per acre Ls necessar)' to protect the 
ground from M’atcr erosion' What is the best m ay to detennine the 
effectiveness of range forage against water erosion^ 

5. How does range forage protect the soil from water' Wind? 

6. What do we mean by grazing capacity? How is it determined? 

7. Why is correct stocking so important in range management? 

8. flow docs deterred graring increase range forage production? 

9. How should reseeded ranges lie managed^ 
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Woodland Farming 


Farm woodland programs arc growing in importance for two 
reasons. One is ihe increased demand for wood products. The other 
is the pressing need to find profitable use for much of our severely 
eroded and abandoned land. These growing needs have stimulated 
interest in determining the factors most influential in the production 
<»f trees. 

We have found that an ample supply of moisture is a major re- 
quirement for profitable tree production. Furthcniiore, we know 
adequate moisture supplies are associated with three specific charac- 
teristics of the soil, 'riiesc arc the depth and texture of the topsoil, 
or \ horizon, and the water-holding capacity of the subsoil, or B 
horizon. 

The depth of topsoil determines to a large extent the area for root 
development. Texture of tojjsoil and water-holding capacity of the 
subsoil determines the amount of moisture a soil can hold available 
for tree production. These factors, when considered together, deter- 
mine the suitability of a given soil to the growth of trees. We refer 
to this as site quality. Site ijuality or site index means height of 
growth at maturity. If a site has quality or index of 90, it means it 
will grow’s trees that will be ninety feet high at maturity. Soils of 
similar profile, texture, and depth have the same site quality. 

Where soil moisture is free of the influence of the w'atcr rible, 
stand composition is related to soil texture. In general, sandy soils 
support pine; loamy soils support hardwoods; and clayey soils sup- 
port both conifers and hardwoods. 
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knowledge of site (luihtv b uii|Krttmt to } r()[Kr I'nnigcment of 
woodland 1 his is trut foi both ilu ist iblishnunt of ntw stands and 
the most economical nianiguiitni of stiblishtd stands It ilso cn 
ables the operator to dcttrmine where tree phntmg and other in- 
tensive management will be desirable and practical Knowledge of 
site quality is especially needed for denuded lands and lands that 
may have agricultural value With this knowlcdp a farmer cm 
determine the best use of the land Knowledge of the site quality 
of established stands enables the manager to estimate w mid products 
he can harvest dunng a spccihc period of growth He ean e«iniate 
with a fair degree of accuracy the volume of wood pioducts he may 

&vcral invesagators have tried to develop a method for deter- 
mining site quahty Some succeeded in developing one that is apph- 
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cable only to established stands of a pardcutar specks. Moreover, 
they apply only to that specks when its growing anuhtkms are 
simibr to those under which the methods were developed and they 
can be used only by one trained in forestry. What needed is a 
method of site quality determination applicable to any site. It should 
be applicable whether trees are present or not. It* should be simple 
enough to be used by a person with little or no forestry training. 

SOIL PROPERTIES AND SITE INDEX 

Numeroas studies have ticen made of the relationship between 
various soil properties and the rate of growth of forest stands. The 
soil properties are the same as profile characteristics. Growth rate 
is determined by site quality. In the United States most of these 
studies were made east of the Great Plains region. 

Northeast. A study was made in Connecticut to determine the 
relation between the site index of young red pine plantations and 
the silt and clay content of the various soil horixons. The sire index 
of red pine increased as the percentage of the silt and clay increa.sed 
in the A horizon— topsoil. Red pine had a higher site index on sandy 
loam and loam soils than on lo*amy sand or sands. This conditiop Is 
also true in the Lake Stares region. In the Lake Stares, jack pine 
does better on coarser soil rhan either red pine or white pine. 

Another study in Omnecticut showed little relation between site 
index and individual soil characteristics. By this, we mean such char- 
acteristics as soil .scries, texture, and the sultsoil. No relation was 
found lietwecn the acidity of any soil horizon and the site index of 
red pine. Silt plus the clay content of the A hori/on showed a fairly 
good relation with the site index. Site tpiality improved as the com- 
bined silt and clay content of the soil increased up to 25 per cent, 
'rhis was in line with the findings of the earlier study in Connecticut. 

Total nitrogen content of the A horizon showed a better relation 
to the sire index rhan did any other factor. Total nimigen content 
of the surface soil was assisted b) other factors of the soil site and 
vegetation complex. For example, soil nitrogen should increase with 
increasingly favorable moisture conditions. Improved moisture con- 
ditions increased the growth of vegetation. Increased vegetation 
produced more organic matter, and as the organic matter increased 
the physical condition of the soil improved. 

It is believed that the lack of stronger relations between the site 
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index of red pine and the soil characteristics in Connecticot was due 
to the age of the plantations. The trees were under thirty years of 
age. It is thought that the subsoil characteristics, the parent material, 
and the moisture conditions, as influenced by topography, are more 
effective on older trees. As trees grow older, they compete more for 
growing space. Gnnpetirion for growing space, moisture, and nutri- 
ents becomes acute in forest stands older than twenty or thiny 
years. Unless forest stands are greatly overstocked when they stan, 
they do not develop a conspicuous concentration of small roots near 
the surface until they are twenty to twenty-five years old. When 
this concentration of surface roots occurs, competition for moisture 
and nutrients during the growing season may occur. Surface roots 
can be called a forest soil root profile. .At this age, trees must depend 
parti) on roots at lower depths in the soil and sillistratum for the 
absorption of water. W'hcre subsiMl characteristics or the relative 
topographic position is unfavorable for root growth, tree growth 
is reduced when roots in the surface soil zone compete strongly fur 
growth materials. 

Other studies in Connecticut show that both the frequency and 
total numbers of plants were higher on nioLst soils than on drier soils. 
I'his study did not show any plants that were good indicators of 
soil types. 

A survey of the conqiosition and stocking of cutover old-field 
white-pine lamls in central New Kngland showed that very light 
soils should be planted to pine or allowed to grow hardwoods for 
cordw«)od. This survey showed that better sites should be used for 
hardw'oods for sawlogs. 

Studies were made in the Adirondack region of New York to 
determine the effect of soil on tree growth. Stand tables were made 
and height and radial growth data were collected on four one-acre 
plots in each of four forest types. These types were nonhem hard- 
wood, spruce hardw'ood, spruce flat, and spruce s\s'amp. One soil 
well ten feet long was dug to a depth of ror>t penetratioas (three to 
five feet) in each of the sixteen plots. These wells provided infor- 
mation on profile characteristics, on the texture of the various hori- 
zons, on pll, and on the amount of stone in the soil. 

No difference was found in the mechanical composition of the 
mineral soil horizoas in the various types. The hardwtMtd forest 
types were on Essex sandy loam. The spruce hardwood and spruce 
flat forest types were on Beckett sandy loam. The spruce swamp 
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soil was peat over sand. The total height of dominant and codomi- 
nant trees (uneven-aged stands) was arranged in the forest types 
in the following order of decreasing productivity: hardwoods, 
spruce hardwood, spruce flat, and spruce swamp. 

Marked response in the growth of red pine and white pine to 
surface applications of organic matter was found on infertile deep 
sands in the Adirondacks of New ^'ork. The organic matter in- 
cn^Lsed tlic soil's water-holding capacity. It also supplied sonic sig- 
nificant fertility factor. I'hc response was evident the first year after 
the ap|dicarion of green slash. The height growth of commonly 
planted forest trees in New York State is greater on peat than on 
muck. This relationship is due to the fact that the favorable soil site 
factors conducive to peat formation are related to rapid tree growth. 
These factors include good physical soil properties and favorable 
moisture and aeration, (’^f course, extremely sterile sands may also 
be deficient in mineral nutrients. 

The productivity of the wind-blown sandy soils in parts of the 
Northca.st is c.xrrcmely low. I'hcsc soils arc comparable in sonic 
respects to the sandhills of the Southeast and the deep sands of 
Michigan. In the Northeast, when such soils were cleared, wind 
erosion frequently developed. Their suitability for forest plantations 
was further reduced because of the loss of organic matter. Mulches 
of organic matter like manure, straw% hay, weeds, or tree slash in- 
crea.sed both survival and growth of conifers on these w'ind-blown 
sands in ^’^cmlont. 

Studies w'cre made of the relationships between soil types and 
forest site quality in the northeastern Appalachian })lateau of cast- 
central and south-central New' ^'ork. 'Fhe stuls of the region arc 
derived from glacial deposits. They are genetically young and 
strongly influenced by the nature of the parent material. The par- 
ent material may be acid or alkaline. 

Sugar maple and beech were found throughout the area, along 
with other species. C^n the basis of ty)H*s ot humus layers and occur- 
rence of wind throw’, deep, well-drained soils with an alkaline in- 
fluence in the subsoil were found bc.st for the natural hardw’ood 
forests. On the other hand, shallow' .soils and those with poor inter- 
nal drainage were ot low quality for the local hardw'oods. Poo»- in- 
ternal drainage was related to failures or to pooi grow'th in conifer- 
ous plantations. 

Studies were made of the relationship of depth to water tabic in 
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various soik in south-central New York as it was influenced by 
kinds of soil. The study showed that the occurrence of roots was 
markedly affected by the presence of a water table in the poorly 
drained soils. However, the few data obtained on heights of trees 
showed no apparent relation to the presence of high-water tables. 
On the basis of soil conditions in that area it ap^icars that adequate 
data would have shown the e\}x-cted relations between p*K)r sub 
soil drainage and stand composition and sire quality. 

Lake States. The Upper Peninsula F>\perimcntal Forest in Michi 
gan was subdivided on the basis of soik and vegetation. study of 
thk arrangement showed that the classification of forest tracts on 
the basis of cover types for management purposes may not be en- 
tirely satisfactory. C’.ovcr types often represent a temporar)' condi- 
tion. Thus they do not give a true evpression of forest productivity. 

It was thought that analysis of the .soil might shov\ a broad rela- 
tion of soil and forest growth, and it was suggested that this analysis 
Ije limited to the following; (1) consideration of topographic fea- 
tures and state of the underground water, (2) study of soil texture 
and smicturc, and (3) study of geological and genetic peculiarities 
of the soil profile. 

Forest soik as related to underground water w'cre grouped in 
three principal types. They were (a) soils m whi'*h roots <»f the 
plants are peniianently under influence of the water table; (b) soils 
in w hich the roots are jieriodically under the influence of the water 
table, either directly or by means of capillarity; and (c) soils in 
which root penetration is entirely abo\ c the water table. 

ITic limiting factor of .sw mp forest growth, under (a) above, 
Ls the degree of w'ater stagnation. In the Lake States, fibrous |»cat 
produces no forest growth but sed-.^es. Sphagum pear supports 
water-loving .stands of black spruce ai.d tamarack. I inc w oody peat 
supports such warcr-lo\ing hardwoods a.s black a.sh, red maple, 
yellow birch, w'illow’, and numenms shrubs. Coarse, woody pear is 
associared wirh white cedar. The typical vegetation of muck is alder. 

Swampy soils, developed under the partial influence of the water 
table, suppirt stands of pine if they au coarse tevtured However, 
if they arc finer textured the forest stand includc's such hardwoods 
as ash, elm, red maple, sugar maple, and yellow birch. I'hey also 
include mixtures of conifers like wliire pine, hemlock, spruce, and 
balsam. 

If the soil k above the influence of the water table, stand compo- 
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sition IS pnmanly related to the texture In a few cases, it may be 
related to the struaure of the mineral soil In general, sandy soils 
support pine, loamy soils support harduoods, and clayey soils sup- 
port both conifers and hardwoods Hardwoods have more exacting 
site requirements than conifers The poor sites arc usually occupied 
hy other forest types 

Ihc relation between soil characK nsrics and site index may be 
sunini iri/ed as follows 

Soili of Group 1 I^iams, sandy loams, and loamy sands with 
yellow sand substratum hftcen to thirty inches below the surface 
ordinarily occur as Site Index 80, although locally they nia\ occur 
as (-.lass 90 Sh«illow or ston> phases of an) of these stnls may occur 
as Class 70 

Soils of Gtoup 2 I oams and sandy loams with a sandy clay till 
or drift substratum twenty -hve to thirty inches below the surface 
occur as Site Index 90, except where stony \\ hen stony they occur 
as Class HO VV here shallow ntss is combined w ith stonincss they may 
occur as Class 70 


figure /9-2 IVell-nmaf^td ’uooillamh wppUfMcnt ih M/w/ iiuomi 
Woodland on thn Ohw faim \tipphcs ?mm ami coid- 

SI ood ( Soil (amsci \ anon Sci v ice Photo) 
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SoHs in Group 3. Silt loams and loams ^th clayey or sandy sub- 
soils occur as Site Index 90, except in the case of very stony soils. 

SoUs in Group 4. Silt loams and loam with open coarse sand, 
gravel, and cubbies below forty inches occur as Site Index 90, except 
in cases of shallow or stony soils. 

Soils in Group 5. Shallow soils resting on bedrock occur as Site 
Index 80. 

Pine soils of northern .Michigan have been grouped into three 
classes. Regular soil t^'pes important in the area were ranked as 
follows: 

1. First-class pineland. 

Ogenaw sandy loam: low lying, sm<M>rh, moist, sandy-loam 
surface soil underlain at 2.4 feet with red clay. 

Roselawn sandy loam: sandy moranic (lake) deposits, strata 
of sandy clay or clayey .sand m B horizon and in the {latent 
material. 

2. Second-class pineland. 

Roselawn sand: coarse-textured surface and few clayey strata. 

Rubicon sand: flat, well-drained, with yellow B hori/on six to 
twelve inches from surface. 

Bridgman fine sand: w md-blown deposits, fine sand 
1 . T btrd-class pineland. 

.Saugatuck sand: hardpan five to twelve inches from siirlace 
a\ eraging eighteen inches thick. 

W'allace fine sand: wind-blow n, hard{>an. 

Cirayling sand: jiracticall) no fine sands, silt, or clay, low 
water table. ITiis is one of tiie first soil types to be {ilanted to crops 
because of the ease in planting and it is the first to revert to the 
state for taxes. 

A study of intcrreiationshi{is of soil and the .site index of as{ien 
was made in Minnesota and \\'isconsin. The relation betw'cen the 
site index of as{>cn and the following factors was .studied: soil texture 
groups, geological formation groups, combined texture and geologi- 
cal fonnation groufis, soil profile gron{)s, and natural community 
plant indicator groujis. The sire index of asfien was found to be 
most closely related to soil profile groups, to natural community 
plant indicator groups, and to combinations of the two. 

The site index of asficn is a more reliable measure than volume 
growrth. It may be used for the evaluation of the differences and 
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relative productivity of the aspen habitats. On the other hand, die 
hsbitut groufx msiy be estsblshed most effecovely on the of 
soil profile. These may be used within limits for the production of 
the average grou'th of aspen. 

The site index of Douglas fir increased with the change in texture 
from coarse w light to medium. ITierc was no significant difference 
in the site index of medium-tcxrurcd .soils of different profile groups. 
Depth of soil was an important factor for those soils underlain by 
hardpan or by bedrock. 

Site index on the same .soil profile and texture group was related 
to mean annual rainfall. Site index of soils increased with increasing 
rainfall up to forty inches. Above this amount of rainfall, site index 
decreased for coarse-, fine-, and medium-textured .soils. Site index 
on .soils underlain by an impeding layer increa.scd with precipitation 
up to .sixty inches. The greatest increa.se was up to forty inches. 
Above this amount the change in .site index was small. 

Clentral Stales. Depth of s<iil horizons and their permeability, 
slope, and exposure were important in determining the rate of 
growth under various conditions of stocking in the Upper Missis- 
sippi Valley. 

The physical properties of the sulisoil w^crc most influential jn 
detennining site index, with blacK w alnut and black locust. PLi.stic- 
ity, conipactne,ss, and struciure of the subsoil .show’cd the closest 
relation to site index. Roth species appeared to act similarly and 
unfavorably to nor enough or too much drainage, (icnerally, both 
species made their best growth on such medium-tcxtured soil grades 
as .sandy loams and silt loams. 

Yellow^ poplar makes its be.st growth on deep, medium-textured, 
well-drained soils. It will not grow successfully on sites w'hose orig- 
inal A, hori/on is less than one inch deep. Yellow' poplar w’ill be- 
come established and grow rapidly under some conditions. It w'ill 
grow in old-field covers w'hosc .soil has no A, horizon if the soil has 
good physical properties and is well drained. If a soil produces a 
luxuriant grow'th of yellow poplar, it will have a large annual fall 
of litter. This litter is high in calcium and mixes w'ith the soil to 
eventually form a deep Ai horizon. 

South and Southeast. In North Carolina the site index of short- 
leaf pine w'as related to the texture-depth index of the soil profile. 
The texture-depth index is the ratio of the silt-plus-clay content of 
the B horizon to the thickness in inches of the A horizon. Texture- 
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depth indices less than 2 or greater than 8 indicated poor sites. 
Highest site indices were found where the texture-depth index of 
the soil was between 4 and 6. 

On the average this represents a soil with twelve inches of A 
horizon and a B horizon containing 60 per cent silt and clay. On 
such soils, shortleaf pine usually had a site index of 80 feet. 

Should the same kind of subsoil be covered witli only four inches 
of A horizon, the texture-depth index would be 15 and the site 
index relatively low. Development of the texture-depth index was 
based on the belief that site quality was a function of the amount 
and favorableness of growth space for tree ri>ots. 

The depth of the surface soil and certain ph\ sical properties of 
the subsoil determine the value and quality of growing space for 
tree roots. This is especially true of scnls having a highly irregular 
profile with respect to texture, structure, and consistence. 

Subsoils of the same textural class may ha\c difTerent inrernal 
drainage, aeration, consistence, and dtructurnl characteristics. All 
of these factors affect ro<it grtiwth. (A>n<5equently, texture of the 
sutisoil alone or in conjunction w ith the depth of the surface soil is 
not closely related to site (]ualir\ for a w idc variety of soils. 

T he height grow'th of young black locust plantations in Missis- 
sippi was related to the depth of the surface soil. \vtTage annual 
height grow'th was greater as the depth of the surface soil increased. 
Depth of soil w^as the principal factor affecting the growth and 
character of natural .stands of eastern red cedar in the Ozarks. 'Fhc 
sites varied from deep alluvial to shallow upland soils less than 
twelve inches in depth. 

A close relation exists between the site index of pine stand in the 
Piedmont region and the dejith of t!.'* surface soil and the water 
storage capacity of the subsoil. 'Fhese lactors determine the amount 
of w'ater available to grow trees. Deep topsoils hold more w^atcr than 
shallow ones. They also pro\ ide more growing space for tree niots. 
I'he w’ater storage capacity of the subsoil detennines how much 
additional water the soil can make available to trees. I'hc higher the 
water storage capacity of the subsoil, the more water the soil can 
make available for tree growth. A deep topsoil over a high storage 
capacity subsoil is a good tree-growing soil. 

Prairie Plains. In the drier regions of the United States, it has 
been shown that cei*tain physical soil properties are associated w*ith 
superior forest sites. These soil properties, which allow rapid infil- 



306 


WOODLAND FARMING 


tration, good water storage, and low evaporation loss, are essential. 
In the Prairie Plains region coarse-tcxturcd soils are superior to 
fine-textured soils for tree growth. 

As a result of investigations, there is a growing recognition of the 
importance of soil tree farming. The soil is an all-important factor 
in deteniiining the character of the tree stand and its yield in lumber 
or cordw'<H)d. This may seem to be a misstatement, es|)ecially when 
we consider the fact that trees survive in almost any situation where 
rainfall is ample. This includes our roughest and rockiest land where 
there is little or no soil. 

SURVIVAL NOT ENOUGH 

I'he key word here Is survival. There’s a vast difference between 
mere .survival and satisfactory g«mth. \\’liere cordwood, fence- 
posrs, tics, or lumber are to he the fruit of the land, something better 
Is needed— something better than bare rock with a few crevices for 
rcKit anchorage. 

Like any farm crop, trees need moisture and plant food from the 
soil. And like many cro}>s, forest .stands need to lie weeded and 
thinned if growth of crop trees is to he maintained at a maximum. 

Unlike most farm cro|.\s, tree roots remain in the soil year after 
year. The rate of demand for plant food during any one season of 
the year is rather low. Further, the amount of removal from that 
land is infinitely less. Because of these facts, the rate of natural lib- 
eration of available plant fcMid is usually ample in the forest. Ferti- 
lizers are not ordinarily needed, even on soils considered to he very 
(Mior hy farming standards. 

However, the more favorable the moisture supply and the higher 
the rate of plant food liberation, the better the quality of the stand 
and the more rapid the growth. Both moisture supply and plant 
food lilieration arc tied in with properties of the soil. 

MOI.STURE MOST IMPORTANT 

Work at the Connecticut .\gricultnral F'xperiment Station has 
shown that in most instances .soil moisture is the most important 
factor. Moisture relations may be indicated by the soil type. For 
example, Merrimac loamy sand is a drier soil than Merrimac fine 
sandy loam or Brookfield loam; and Leicester loam soils are wetter 
than Gloucester loam. 
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In some instances moisture conditions vary within a given soil 
type because of topographic position. For example, trees growing 
on a sandy soil with a water table averaging five feet deep will 
grow faster than they would on the same kind of soil with a water 
table fifteen or twenty feet deep. Likewise, the middle or lower 
portion of a long slope or the north side of a hill usually has better 
moisture conditions. 1 rees on the low er portion or on the north side 
of a slope are likely to grow faster than those on the upper jwrtion 
or on the south side. 

One of the most striking effects of soil and moisture supply came 
to light in Connecticut. A fivc-y car-old planting of white pine on 
Hartford .sandy loam w as gnwMiig 27 per cent faster than an identi- 
cal planting on Mernniac loaim sand not more than ??() feet away 
The increase with Norw ly spruce wa^ even greater- ncarlv 90 per 
cent I leie the difference w as not one of soil senes as such -I lartford 
versus Mcrnmac-luii of soil texture and moisture supply The sub- 
stratum of the llartfoid sandv loam was considerably more moist 
and tree roots had penetrued to a greater depth than on the block 
ot iMcrnmac lo.unv sand. 

Studies conducted in ('oiintciicut also showed that the soil in the 
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woods is decidedly more loose and porous than that in cultivated 
fields. It contains considerably more organic inarter and has a much 
higher water-holding capacity. Diiect comparisons were made^in 
nine separate locations in south central (a)nnccricur. They show'ed 
the topsoil in the forest, e\clusi\c ot forest litter, contained 4H per 
cent more nitrogen than the topsoil of cultivated fields. I'hc forest 
soil was able to hold 40 per cent more water. Further, the forest 
soils were about 22 per cent lighter. I’his indicated a lietter .stage 
of aggregation. 


AVVILIBLI’ NUTRIENTS 

So far as available nutrients arc concerned -especially phosphoru.s, 
potassium, and calcium -culii\aicd soils are usually better stocked. 
This is because they have been fertilized. But fore.st soils generally 
have the adt'aiitagc over pa.sture soils. The favorable condition of 
woodland soils is further enhanced bv the litter usually present in 
undisturbed forests. 

RESTORATION OF DEPLETED PROFILE 

Cultivation and erosion have changed the surface soil horizon 
on large acreages of our land. It has been so changed that it has lost 
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much of its former capacity for absorbing and storing rainfall. This 
has reduced the water storage ca{)aciry and the rate at which water 
moves through the soil. 

Knowledge of the effect of these changes in infiltration and per- 
colation of water is the key to understanding the problems of utili/.- 
ing these lands. Without this knowledge we can’t restore these lands 
to profitable use. Jast as eroded conditions have increa.sed .soil de- 
struction, soil rehabilitation must improve water relations. L.and use 
practices that bring about an incrca.se in soil penticability and large 
pore space offer the only solurkin to erosion and water problems on 
these soils. 

Forestry practices designed for soil improvement offer the best 
hope for correcting the errors of past land use on these worn out 
.viils. 


CORRELATE SOIL WITH SITE QUALITY 

A method was developed fur corrchiting soil characteristics with 
.site (]uality of Douglas fir in Ia:s\is County, Washington. Soils and 
other physical features of the land were used in developing the 
method. The nieth<Kl makes possible the prediction of growth rates, 
within narrow limits, for this species in that area. I: is thought that 
it m.iy be applicable, w'itii slight modifications, to other areas and 
species. 

The pur^iosc was to correlate soil characteristie's with site classes. 
I'hc results w'cre striking. I hcy were useful for the area and species 
studied. It is believed that th<' methods used may be of value to 
others .since they show imporr.ini rel.itionshi}>s betsvccn soils and 
site quality. 

The site indices of the .stands grown g on the.se soil units showed 
a remarkably narrow range <»f values. Site indices on these soils also 
fall into relatively narrow langes if northerly slojws arc separated. 

Ability of the soil to retain and .supply v* atcr for tree gniwth in 
the dry summer jieriod is nio.'.t ini|H}rtanr. 7'his nbility is derennined 
by texture, profile, depth to p»rous ni.*’> rials, hardrock, md clay- 
pan or hardpan. 


FIT THE TREL TO THE .MTF 

Site evaluation in the selection of tree .species for planting is im- 
portant. This was shown by a study of a large number of field and 
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gully plantings in the Ohio Valley. Pines and hardwoods were used 
for erosion control. 

In general, pine is least exacting in site requirements. Black locust 
gives good to excellent results on many sites. Hardwoods other than 
locust failed in practically all cases as erosion control plantings. 
I.ocust grows best on limestone soils. The soils need good drainage, 
aeration, and moisture-holding capacity. They need to be free from 
compact impervious layers. Hnc, on the other hand, thrives on more 
acid and less fertile S4>ils than black locust. 

Pine is especially superior in old |>overty gra.ss sods and on sandy, 
shallow, and severely eroded sites on residual soils of mixed sand- 
stones and shale origin. These include the .Vlaskingum and Wellston 
scries. Pine is more reliable than locust for field plantings. 

Pine is also more reliable than locust on gully bottoms where shale 
materials predohiinate. Ltx'usr fails where iron or manganese frag- 
ments are plentiful. I'hLs Ls true whether it is on gullied or severely 
eroded areas. Where limestone <x*curs, giving rise to soils of the 
Brooks scries, locust makes excellent growth. Soils of the Upshur 
series, derived from heavy nonacid shale, arc generally gemd locust 
sites. 

lax'iist gives excellent results on wcll-dr.iincd soils of loessiial 
origin. Soils such as those of the Princeton and Memphis scries arc 
good. Locust docs well in gullied areas of Alford and Grenada s<iils. 
Pine does well on locssial soils, especially for field plantings. 

Soils of cherty limestone or of coastal plain origin arc pixir locu.st 
sites. Included are those of the Frederick, Bedford, Lawrence. Bax- 
ter, Dickson, Brandon, Ruston and Atw'ater serie.s. Success may be 
had with l(x.'ust on the licttcr drained cherty limestone soils if the 
site is mulched and fcrrili/cd. However, pine is more reliable on 
these soils and is benefited even more than locust by mulching. Of 
the coastal plain soils, those of the Atwood scries arc excellent pine 
sites. Field plantings of pine also grow well on Brandon and Ruston 
soils, but plantings on badly gullied areas of these soils usually give 
p(M)r results. 

Tw’o-nccdle pines arc less exacting in site requirements than other 
species. In Ohio and Indiana, red and Scotch pines are l>est adapted 
to the poorer areas. W'hite pine gave good results on better pine 
.sites. In Kentucky and Tennessee, loblolly and shortlcaf did best 
on the better pine sites. Virginia and pitch pine were best for the 
poorer sites. 



WOODLAND FARMING 


111 


PREPARE SITE BEFORE PLANTING 

Studies were made of numerous plantings of hardwood species. 
They were used for shelterbelts, woodlots, erosion control, and in 
reforestation projects. ITie study showed that planting without 
some attempt at are preparation was often disap(x>inting. This was 
especially true unless soil and climatic conditions were extremely 
favorable. It was alai true on severely eroded soil. Examples were 
found of plantings in gullies and on badly eroded slopes. These 
showed a low rate of survival, poor eaablishmcnt of those surviving, 
and little growth of the occasional seemingly favored tree. 

Several hardwood species planted in contour furrows on a 20 per 
cent slope did much better than similar species planted on the same 
slope by use of a scalpel. 

The growth response to the modification in site preparation of 
a 1940 experiment was least in the black locust. However, the 
growth curt'es for a tliree-year period indicated that the rate of 
growth difference between the two treatments increased from year 
to year. 

In most otlicr hardwood species, this divergence was greater than 
in black locust. Other site preparation experiments with black locust 
showed greater rate of growth differences where unfavorable site 
conditions were improved. Black locusts grow well under moder- 
ately favorable conditions. They do not need special preparation 
on good sites. Tltey did show marked rcspon.se to preparation on 
unfavorable sires. 

The results of this study wci-. predominantly in favor of contour 
strip planting over scalpel planting. From these experiments, it was 
concluded that the improvement in p> tnt growth conditions for 
most hardwoods was due to two factors: improved soil moisture and 
aeration. These were obtained by improved soil structure on the 
plowed plots. 

CLAY HILLTOP CROWS TREES PROFITABLY 

In Washington, a typical clay hilltop underlain by basalt was 
planted in the spring of 1937. It was planted to a combination 
sheltcrbelt and black locust woodlot. The area occupied by the 
black locust was Yu acre. The black locust were planted on a 
6 by 6-foot spacing. 

Because of overcrowding, the black locust planting was thinned 
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to a 6-foot by 12-foot spacing in 1945. Insofar as possible, small, 
overtopped, and suppressed trees were removed. However those 
cut were selected also so as not to reduce the effectiveness of the 
planting for snowdrift control. 

A total of fifty-three trees were removed. Their removal required 
seven and a half manhours of labor fo; cutting, trimming, and 
making fcnccposts out of those of suitable size. Ninety-three fence- 
posts were obtained. Forty-two were three inches and over in di- 
ameter at the small end. They were considered first quality posts. 
Fifty-one were less than three inches in diameter at the small end. 
'They were considered second-class posts. All ninety-three were 
used in rebuilding a fence. They took the place of cedar posts 
u’hich would have cost 3 5 cents each. 

Ihc value of the locust jjosts was set at 35 cents for the first-class 
and 25 cents for the second-class. This gave a total return of $27,45 
fur the materiaLs removed by thinning from the hilltop planting. 
The cost of labor fur thinning, trimming, and making posts was 
figured at $1.00 per hour. This made the total cost 8 cents )>cr post. 
Ihc remaining planting was more valuable than before thinning. 
It was more valuable for both tvood products and snowdrift control. 

At this rate, on a per acre basis, the gross return was $302.50 /or 
the eight-year period. 'Fliis was equal n) $37.81 per acre per year. 
These figures show that black locust woodlots will yield a profitable 
return on clay hillto(*s. 'those areas are ordinarily farmed at a loss. 

IN»).ME FROM FARM W(M)DLANn 

At present, one hundred million dollars' worth of wood products 
are sold from farmUiuLs each year. Records on Norris-Do.\y farm 
forestry management projects show how management can increase 
income from farm woodland. .Most farms still sell standing timlicr, 
rather than processed products. Very few, even among those that 
are managing their vtoodlands properly, cur each year or period- 
ically all the wood that grows. Therefore, average incomes from 
farm forestry projects indicate what farmers will receive by manag- 
ing their woodlands as they do their fields. Table 29 shows accom- 
plishments from Norris-Do.x)' farm forestry projects for the fiscal 
year 1953. 

The Tennessee Department of Conservation estimated the in- 
come that could be expected from a one-acre pine plantation where 
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1,000 seedlings were planted. A survival of 850 trees was expected. 
An additional 85 trees were expected to be lost by suppression and 
culling, leaving a net stand of 765 trees at twelve years of age. All 
prices used represent stumpage value. 


First Thinning at 12 Years 

Total number of trees; 765 Yield: 450 posts at 

Cut: 215 trees .015 6.45 

$ 6.45 

Select Thinning at IR Years 

Total number of trees: 550 Yield; 200 posts at 

Cut: 230 trees .015 3.00 

5 cds. pulp at 3.(K) 15.00 

IR.OO 

Third Thinning at 24 Years 

Total number of trees: 320 Yield: 100 posts at 

Cut: 105 trees .015 1.50 

K fds. pulp at 3.00 24.50 

25.50 

Fourth Cut at 30 Years 

Total number of trees: 2 1 5 Yield; 4500 bd. ft. 

Cut; 85 trees at 15.00 67. .50 

2 cd.s. pulp at 3.00 6^ 

73..50 



Fifth Cut at 40 Years 

Total number of trees: 1 30 

Yield: 6400 bd. ft. 

Cut: 50 trees 

at 20.00 128.00 


2 cd'.. pulp at 3.00 6.(K) 


134.00 


Final Harvest at 50 ^ ears 

Cut: 80 trees Yield; 2I,6(X) bd. ft. 


at 25.00 540.00 

Total Gross Return 1797.45 

Le.ss: Land purcha.se 15.00 and planting costs 

10.00 at 5% interest $286.69 

Less: Taxes, etc. .25 per year at 5% interest H.34 

Total (.‘ost 339.03 


Net Profit $458.42 Annual Net Profit . . $ 9.17 
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PROTECTION AGAINST LOSS OF SOIL AND WATER 

A well-managed woods helps protect the individual fanner from 
loss of soil and water, and from loss caused by deposits of sediments. 
Studies near Zanesville, Ohio, showed the annual water loss from 
an acre of forested land averaged only one-ninth as much as from an 
acre of cultivated land. A six-year study at Guthrie, Oklahoma, 
showed the average yearly runoff from old-growth woodland with 
a 5.17 per cent slope was but 0.2 per cent. From soil with a 7.7 per 
cent slope planted continuously to cotton, the runoff was 14.22 
per cent. The yearly soil loss was 0.017 ton per acre from the old- 
growth woodland and 24.29 tons per acre from the cotton land. 

Ql I- S THINS 

1. Why is interest in woodland fanning increasing? 

2. What determines the suitability of soil for tree production? 

.3. Ilow does soil texture affect tree growth? What trees grow' best 
in sandy soils^ I^oainy soils? Cla> soils^ 

4. Why is site quality important in woodland management? 

5. What is the best site quality for red pine" 

6. How are soil characteristics related to site index" What is meant 
by a site index of 90? 

7. How* does total rainfall affect site index? 

8. What is meant by texture depth index? Why id it important? 

9. What qualities are necessary for good tree soils^ 

10. How' has cultivation affected our soil’s ability to grow' trccs^ 

11. Why is it necessary to fit the riec to the site- 

12. How do trees rate as a monev crop^ 
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Till' purpose of farm or ranch planning is to dc\eIop a sound soil 
and crop nianagcmenr program. It maps a course of action to achieve 
this goal. The farm plan urili/cs the knowledge, experience, and 
desires of the fanner and rlie skill and know ledge of the planner. 

Information contained in the soil survey forms The basis for 
planning land use. TIte first step m this procedure is to develop a 
“Technical Cjuide.” Tlie Technical (Juide is used by those making 
the plan. 


TKCIINKHL WIDE 

The Technical (iuidc is a detailed coordinated arrangement of 
technical information. It is infc mation suited to a particular area. 
It contains an analysis of the physical conditions of the land. This 
includc.s soils, tojiography, and erosion conditions. It also contains 
interpretation for various uses, relation I'f physical cimditions with 
reconimcndations for use and treatment of the land, and description 
and specifications of all needed practices. 

PURK>SE OF THE TECHNK.AL I.UIDE 

The need for a reliable guide for the development of sound farm 
plans is evident. Procedures used in making sound conservation plans 
need to be clear. These procedures are described in the technical 
guide. This makes possible uniformly high caliber work on the 
ground. 

The development of the technical guide is a combined effort. It 

m 
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contains thinking on the part of all individuals workii^ in the area 
for which the guide is prepared. 

It is the means of adapting broader technical recommendations to 
local conditions. This brings about better understanding and a more 
practical work plan. 

It pru\ides a logical a.ssociation of soil groups and land use capa- 
bilities with needed practices. Titis as.sociation provides a standard 
for technical procedure. The procedure is constantly kept up to 
date. Tlie guide Is a continuing record of all needed technical in- 
formation. 

By following a standard outline, the information is organized in 
an orderly manner for convenient use. llie guide lists the main items 
in their order of importance, llicy arc soil type, soil group, land 
capability, land use, and recommended treatment. 

It provides a valuable training tool. Hie very preparation of the 
guide is an important step in training those who participate. The 
concise, logically organized statement of procedure in the Technical 
(juide Is important in tnaining employees. 

The organization of local technical information increases the use- 
fulness of the guide in fann planning. I'his increases efficiency. 

INTRODl'CTION 

The material in the Technical Ciuide for farm planning is for a 
s)>cciHc soil conservation district. It is based on research and experi- 
ence gained through work on projwr land use in the area. 

The 'lechnical Guide is prep.ired by the local staff of the soil 
conservation district to aid farm planners. It helps them in handling 
the problems in the district area. It hei[)s them in adapting and ap- 
plying .soil and crop management practices needed in the area. Ttic 
Guide can be adjusted to conform to the sco{)c of the dLstrict’s pro- 
gram, n ork plan, and job-ahead plan. 

KNOW THE LAND ON YOUR FARM 

A fann is made up of several different kinds of land. Changes in 
soil, .slope, erosion, or sedimentation make these differences. Each 
kind Ls .suited to certain farming uses. Most areas also have definite 
limits to their use. The different kinds of land are dinded into eight 
land capability classes. However, they do not all occur on every 
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Figure 20-1, Land capability unit map, (Soil Ccmscrvation Service 
Photo) 


fanii. Classes 1 through VIII indicate successively fewer choices of 
safe or economical use. 

To make the best use of the land, one should know the kinds of 
land on the farm. The land capability map in Figure 20-1 shows the 
land classes on a Maryland farm. Each capability class is further 
divided into subclasses and land capability units. They are shown 
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Fi^t 20-2, harm 
planner disnismufnev) 
\ann plan utth farm- 
ouner m Caltfortm 
(Soil Conservation 
Service Photo) 


hv svnibolson rfic map (II c 4, II w I, 111 t 2'), \ 1 c ^ etc ) Dtjer- 
niinc from the land cipihilm imp the 1%inds of hnd on the firm, 
then decide hou each kind should he used 
Some of the pnctiees ind rreuments e m Ik sifel\ stirred h\ the 
farinei without assist nice Instiuerions furnished the f inner explain 
how this can be done 

Iheie are other treitments ind prietKes tint ire more eompli 
eared On these the f tinier needs help f he soil eonserv ition district 
pros ides the farmer with on the f iim reehnieil issistaiiee These 
teehnieiins suppK infoimation to help the f inner in deciding how 
to use ind treat e le h held on his f uiii 
following ire the teeommended procedures for the use of cieh 
kind of I ind on the f urn 


II I >5 

This IS ncarK le\el or gentl\ sloping, deep, well drained hnd 
The loamv soils are eas> to till ind ma) be seserelv eroded Ihev 
are moderatelv pniduetive 1 he\ irc well suited for corn and gen- 
eral farm crops 

If ii&ed for crops. Farm in exintour strips to present gullies and 
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soil wash. Use a rotation of not more than two years of row crop, 
small grain, and hay. Seed a cover crop or winter grain after each 
cultivated crop. Keep natural draws in good sod. Lift tillage imple- 
ments when crossing sod v atcrw ays. Seed red clover, timoth\ , and 
alsike clover for short-term hay. Use plenty of lime and fertilizer 
for high yields. 

If us^ for hay. Fstablish bj seeding in contour strips Red 
clover, orchard grass, alsike, and alfalfa oi timothv and alfalfa should 
do v\ ell* Use plenty of lime and fertilize annually 

If used foi pastuie. \\ hen seeding, plow or disk in contour strips 
Seed a tall grass and legume pasture mixture Orchard glass ami 
alfalfa or orchard grass, ladino closer, and redtop may be used 
bxcess forage nia> be cut for hay or silage Set up a rotatUMial 
grazing plan Mow )ust before iimoMng 'Mttle This controls weeds 
and stimulates new giowth \\oid pasturing too carlv in spring oi 
too late in fall Vpply bme as needed and fertilizr annuallv wiih a 
high phosphate-potash fertilizer 

To improve woodland. Proteci from lire and grazing and be on 
the lookout for diseases I falsest mituie trots for sale or faini use 
<>ut or girdle inferior trees tint mis be shiding good voung tices 
Intel plant large open areas svith sshite pine ind Scotch pine keep 
ssoodland eelgcs m place Do thi' 1)\ removing Krgc tiers along the 
edge This ene'ourages shrubs \ woodland border iiiis' abo be 
establislied by planting desirable* shrubs 

To improve wildlile conditions. Wildlife may be imreasetl bv 
planting hedge fences and windbreaks or b> remosing tiets 
hedge rosss Plam tieis and si »ubs on < dd are is 11ms tuiiiishe^ 
protection for both sv ildlife iiid the 1 ind 

II vr 1 

I his IS flit or gcntls .it'ping l*nd ^ r^)}>s ne apt t > lie latt in me 
spimet because c*f svetnes^ 1 1 is Imd will i rodiiue general farm 
crops but IS best suiled to has 

If used foi cnips. 1 arm sloping land in » ailed sti ins bed flat land 
ssith graded dead fuiiows Open ditehes oi diversions mis be use*d 
to improve drain<ige keep iiatuial dtiws iii sod Do not use more 
than two years of row ciops or less than two years of hay in the 
rotation Select grass k*gume mixtures that are toleract of we*tness 
Lime and fertilize for the legumes 

If used for hay. Seed in strips on controlled grade L*sc a mois 
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ture-tolennr, long-iived gnss-Iegume mixture. LiwC Sttd fcnUtlx to 
maintain the iegume. Open ditches, diversions, or graded dead /ur- 
rows are often needed to improve drainage. 

If used tor pasture. When reseeding, plow in strips on controlled 
grade. Use a tall grass-legume mixture. Mow weeds and rank 
growth. Scatter droppings. Divide pasture and rotate grazing. Avoid 
early spring or late fall grazing. Lime and fertilize to maintain 
legumes. 


HI e 4 

The soils are deep, well drained, easily worked, and hold moisture 
well. I'hc .slopes arc moderate hut erosion has removed up to three- 
fourths of the original topscni. I'hc land is suitable for commonly 
gro^^'n crops and responds well to fertilizer. It may be low in potash 
and may need boron for alfalfa. 'Fliis land is suitable for rotation 
cropland. Conservation measures are needed. 

If usetl for crops. Keep in legume hay at least two years out of 
four. Use contour cultivaiion on short slopes or contour strip crop- 
ping on long slopes, Di\crsions niav be needed on longer slopes. 
Pro\ idc safe outlets before dixersions arc constructed. Seed a wjnter 
cover crop like rye gra.ss and \ etch u hen land is not in xx'imer grain. 
Red clover with timothy or orchard grass is a good hay mixture. 
Alfalfa or alsike may be added. Lime for the legumes. Fertilize small 
grain when seeding. Vopdress hay annually with a high potash 
fertilizer after first cutting. Reinforce manure application with 
superphosphate. 

If used for hay. Reseed liy disking in strips across the sIo|>e. Re- 
seed as often its necessary to rc-establish legumes. Seed to grass- 
legume mixtures that have a long life Add ladiiio clover to mixtures 
if u.sed for pasture. Fertilize to establish seeding. 'I opdress annually 
wnth high potash fertilizer after first cutting. Reinforce manure ap- 
plication with superphosphate. 

If u.sed lor pasture. Lime and fertilize. Topdress every other year 
w'ith fertilizer or manure. Mow at lca.st once a year Control grazing 
in early spring and late fall. Rotate grazing betw een fields. 

Ill e 25 

The deep, open, loamy soils arc productive. This land may have 
considerable slope and may wash severely. It responds wxll to lime 
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and iemViMt w\\ttv protected from washing. It \s weW adapted to 
genera\ farm crops. 

1£ used £or crops. Cultivate not more than one year out of five 
with at least three years of hay. Fann in contour strips of alternate 
row crop, small grain, or hay. Keep waterways or natural depres- 
sions in sod. Use diversion terraces on slopes that are subject to 
washing. Provide safe outlets for diversions before construction. 
Alfalfa, timothy, red clover, and alsikc clover should do well for 
hay. Lime as needed and fertilize to maintain legumes. 

If used for hay. Establish by plowing or disking in contour strips. 
Alfalfa, orchardgrass, and alsikc clover should do well. SnuK)th 
bromc grass may he substituted for the orchard grass. Lime and 
fertilize as needed to keep the legume in the stand. 

If used for pasture. F^talilish in contour strips. Make a tall grass 
seeding. Orchardgrass, ladino clover, alsikc clover, and red top will 
do well. Mow just before removing cattle to control weeds and 
stimulate new grou th. Manage in a nuational grazing plan. Lime as 
needed and fertilize annually with heavy applications of phosphate- 
potash fertili'/er or phosphated manure. 

IV e 3 

This is steep, rolling, or eroded land, best used for ha\' or pasture 
The soils are well drained throughout and need plenty of lime and 
fertilizer. But if properly treated they will produce satisfactory hay 
or pasture. Because of the eroskm hazard, this land should lie kept in 
hay most of the time. 

If used for hay. Row crops should seldom be grown. Reseeding 
can be safely done through small grain, o*" directly from sod to hay. 
Reseed in contour strips. Diversions may be needed. Provide safe 
outlets before constructing diversions. Natural draws should be kept 
in sod. Select and seed grass- legume mixtures having a long life. 
Alfalfa is adapted if well fertilized. Disking or shallow plowing and 
disking should be used so that crop residues arc left on the surface. 
Use heavy applications of complete ferti!«/er at time of seeding. If 
small grain nurse crop is used, remove cither by grazing or as grain 
hay. Topdress annually with a high potash fertilizer. Boron may be 
needed for alfalfa-grass mixtures. Add ladino clover to all mixtures 
to fill in where the other legumes die out. Reseed only as often as 
necessary to reestablish legumes. 

If used for pasture. For tall grass pastures, select seed mixtures 
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that hold up well under grazing. Use heavy applications of complete 
fertilizer at time of seeding. Topwlress every other year with a phos* 
phatc-potash fertilizer. Kentucky bluegrass, wild white clover pas- 
ture should be limed before applying fertilizer. Treat critically 
eroded areas. Seed, fertilize, and mulch. Clip weeds and rank growth 
at least once a year. Rotate and control grazing. Contour furrows 
may be used to hold back runoff. Stock water developments may be 
needed. 


VI c S 

This is steep land subject to serious erosion. The subsoil may con- 
tain some limey material. It should lie kept in pasture or woods. The 
soils arc highly erodible, bur will produce fairly good pasture if 
properly managed. 

If used for pasture. Lime before applying fertilizer. Topdress 
regularly. Slope, seed, and mulch critical areas. Rotate and control 
grazing. Develop water supplies. 

To improve woodland. Keep stock out, protect from fire, and 
watch for tree diseases. Cut mature or inferior trees that are shading 
good young trees. Keep woodland edges in place and protect woods 
from damage by developing or planning a .shrub border. Lan^ that 
cannot be managed by mowing, liming, and fertilizing to keep a 
dense vigorous sod should be reforested. These soils are capable of 
growing quality timber. 


VI w S 

This is nearly level bottomland that may have been eroded from 
streambank overflow. I'he .soils are loamy and may be wet in the 
sulisoil because of a high w’atcr table. Bccaase of the possible damage 
to crops by stream overflow, these soils are best adapted to per- 
manent pasture. 

If us^ for pasture. Establish by disking in small plots or strips. 
Ladino clover, orchardgrass, or timothy and alsike clover should do 
well. Bluegrass and white clover are well adapted. Use a complete 
fertilizer at time of seeding. Maintain by heavy annual application of 
high phosphate-potash fertilizers. Lime as needed. Manage grazing. 
Mow just before the end of each grazing period to control weeds 
and .stimulate new growth. Avoid early spring and late fall grazing. 

To improve wo^land. Protect from fire and grazing and guard 
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against tree diseases. Harvest mature trees that have been marked by 
a qualified person. Cut or girdle worthless trees. Confine woodland 
edges by establishing a border of wildlife shrubs. 

To improve wildlife conditions. Plant eroding streambanks and 
odd areas with silky cornel, purple-osier willow, highbush cran- 
berry, or tartarian honeysuckle. 

VII e 3 

This is steep or badly eroded, droughty land, best used for w'ood- 
land. This land is low in fcniiit\. Tree growth is usually not rapid, 
but fair timber or pulpwood can be produced with good manage- 
ment. 

To improve woodland. Areas not covered by existing woods 
should be planted. Black locust can be mixed with the pines to help 
increase soil fertility even though they may die before reaching 
fencepost si/e. Because of slowness of growth and the type of frees 
generally found, curring for piiIpw(#od is the main management 
problem. Protect from fire and grazing. Keep w'oods from crowding 
crop or pasture fields by planting or developing a shrub border. 

To im|j»rove wildlife. Allow den trees to remain in woods. Plant 
suitable shrubs along w’oods roads and in open areas to improw 
cc)ver for wildlife. 


Ql 1 iIIONS 

1. V^'hat is the p\irpose oi farm and ranch planning^ 

2. Ilow IS the farm plan developed? 

3. Whal IS the 1 cehnical (uiide^ Whai docs it contain^ 

4. W'hat is the purpose of ilic 1 cchnieal C>-iidc' 

5. To what area does a 'rechnical (lUide apply*'* How is it pi.;parcd^ 

6. How does the I'cchnical Ciuide help in planning a farm program? 
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Farm Surface Water 
Disposal System 


Ei\irN with effective erosion control programs, there uill be times 
when more water falls than the soil can absorb. This is particularly 
true (luring heavy rains or rains extending over several days. 

Hiis excess water presents another phase of the soil erosiofl c(m- 
trol problem. At times it can be serious. During these periods plant 
cover must be rciiiftirced. It must be supported with appropriate 
mechanical measures. 'Fhe object of the mechanical measures is safe 
dispossal of the excess surface M^ater. 

'Vhe measures used have tuo main purposes. One Is to collect the 
excess water. 'The other is to conduct the collected w'ater off the 
field in the least damaging way. 

K.xcess u'ater must be collected and disposed of so as to do the 
least damage possible. Free water must nor be allowed to run over 
long, unbroken slopes. Neither should it be allowed to run over 
bare ground or at high velocities. If it flous over long, unbniken 
slopes or at high velocities, water tends to cut gullies. Where al- 
lowed to flow over bare ground, it is sure to damage the land. 

The purpose of mechanical control measures is to prevent scour- 
ing: that is, to prevent gullying. Their duty is to prevent the 5 to 
10 per cent of erosion not caused by raindrop splash. Their function 
is to control from 5 to 10 per cent of the erosion on our farms. 

To achieve this, two main objectives must be achieved. First, long 
slopes must be shortened. Second, the flow of water must be slowed 
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enough to do the least amount of damage. A part of the second ob- 
jective is also to prevent flowing water from coming in contact with 
bare ground. 

Slopes are shortened by the use of terraces, contour cultivation, 
and diversion ditches. These also slow the rate of flow. W'ater in 
channels is kept from coming in contact with bare ground by seed- 
ing the channel bottom and sides to grass. 

The main purpose of these measures Is ro deal with excess surface 
water. They make up the surface water disposal system. The in- 
formation used in planning this system is obtained by means of 
hydrologic surveys— surveys of excess water or, better still, surveys 
to determine how much excess w ater there w ill be. 

The surface water disposal system also includes check dams, 
grassed w aterw ays, streambank protection, and other w ater control 
measures. 


TEK RACING 

1 Vrraccs arc hillside ndges. I'hc) aic laid out approximately on 
the contour. They ha\e wide, shallow WMterwajs along the uphill 


Figioe 21-1. Va races aic hilhuie uJgcs, apluoxwjatch on rhe cafi- 
tottr^ %chich \oim 'nuic^ shalhu. x^atetuays alon\r the uphill snic of 
fhc luifrc. They an umlI to check scout iiosiou caused hy rttnolj jrtwt 
cultivated laud. This tenaced field is in Connecticut. (Soil Conserva- 
tion Sen icc Phtito) 
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side of the ridge. They are used to control runoff from cultivated 
land. Level terraces arc sometimes used to conserve water. They 
are used in arid and semiarid areas. They should be used on .soils with 
high infiltration rates. They should be used especially where such 
soils arc underlain by permeable subsurface materials. Those built 
for safe disposal of excess water have gentle grades. 

Terraces may be built cither before cultivation or before seeding 
preparation. Water disposal terraces usually have grades less than 
three inches per 100 linear feet. Terraces should empty into grassed 
waterways. The waterways then conduct it off the field safely. 

Terraces arc made with a variety of eijuipmcnt. They may be 
made with disk plows or grader equipment. These implements dig 
out a channel. They pile the excavated material in ridges along the 
lower side. The ridge ordinarily is fourteen to sixteen inches high. 
This creates a channel with a cross-sectional area of from eight to 
twelve square feet. The ridge should be flat and broad enough so it 
will not interfere with the operation of machinery on the contour. 

Climate, kind of soil, and steepness of slope are considered in 
determining terrace spacing. The vertical drop in feet, between ter- 

Figure 2l>2, Meadow strip terrace outlet channel in South Carolina. 
The grass protects the channel ami produces a hay crop in addition. 

(Soil Coascr\'atiop Service Photo) 




rigure 21-h A diversion ditch has been constructed up on the 
hillude to intercept mater from hn^hn up th slope ana conduit it 
safely off this peld in Lancaster C aunty, Puimylvania (Soil Conserva- 
tion Strviu Photo) 


races on slopes with three to six feet fall in h)0 feet of slope, is detei 
mined as follows 


Slope face m feet per 100 feet + 2 
2 


For slopes of seven 
following 


totwchefetr falljxr 
Slope + 6 


lOOfcttof slope, use the 


1 


For slope of zero ro two feet fall per 100 feet of slope, terraces 
are often arbitrarily spaced 100 feet apart horizontally Fomiulas 
have been developed for various communities These more nearly 
fit local conditions of soil, climate, and ramtall 
Cultivation on terraced land must be conducted on the contour 
with the terrace. 
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DIVERSION DITCHES 

Diversion ditches are dug high on hillsides. They are dug across 
sloping land. They intercept and divett surface runoff from lines of 
natural drainage. They divert water. This keeps the water from 
piling up at the bottoms of hills. Lowlands are protected from over- 
flow. A^liere p<issible, areas above the ditch should be maintained 
in vegetation. Vegetation prevents both splash and scour erosion. 
Runoff water will not be loaded with soil. 

Design. Generally, the cross section of diversion ditches is de- 
signed for maximum water-carrying efficiency. It should require as 
little earth moving as possible. The upper side should be flat. This 
reduces scour erosion by water entering the channel. 

Diversion ditches arc ordinarily laid out on the maximum nonero- 
sive grade. If the channel is bare, the grade should not exceed 0.4 
foot fall per 100 linear feet. In highly erosive soils, the fall should not 
exceed 0.2 foot. The grade should be such that the velocities will 
not exceed those safe for the soil— and vegetation, if the channel has 
been seeded. 

The location and dcs^n of dnersion channel outlets arc impor- 
tant. A wide, flat, well-vcgetatcd outlet .spreads the w’ater in a thin 
sheet. 'Fhis reduces erosion. Outlets of ditches emptying into gullies 
or channels on steep grades sh«iuld be protected. This protection 
may be in the form of check dams, chutes, vegetation, or drop inlets. 
Each channel should be lined to make its Imttom and sides stable 
and thus protect them from erosion. 

Diversion ditches should be constructed from the upslopc side of 
the channel. Excavated material is piled to form a ridge on the 
downslo|ie side. This increases the depth of the channel. Ordinarily, 
vegetation should be established as soon as possible. 

Regular maintenance is required to keep out bushy or woody 
growths. These obstruct flow and cause silt accumulations. 

CHE(% DA.M.S 

Protecting channels means preventing in|urious erosion in water- 
ways— within the flow channek. Check dams are one method Tem- 
porary materials such as brush, wire, and logs are used. They are 
placed at frequent intervals across the bottom of a channel. They 
protect the channel until it can be sodded. The vegetation gains 



Figure 2W. Qully 
controlled vnth bands 
of Bermuda grass sod 
m Paluskt County, 
Arkansas (Soil Con- 
servation Service 
Photo) 


Ftgure 21-5, Perma- 
nent check dams assist 
grass sod on this steep 
slope m Washmgton 
County^ Maryland. 
(Soil Conservation 
Service Photo) 
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ccintrol during the life of the dam W^hen the dam decays it need 
not be replaced. In some caves 1 2-inch strips of grass sod arc used. 
They are placed at regular inters als across the waterways. 

In some cases, vegetation alone is not strong enough. In these 
cases, vegetation must be supported uith permanent dams of con- 
crete or other long-lasting materials. 

Downstream grades. To be effective permanent control struc- 
tures must have stable downstream grades. That is, they must not 
erode In such cases, it may be necessary to build several structures. 
These structures should be built in tht lower end of a channel first 
They should be constructed from the dow nsmam end up the slope 
to the channel head A stable grade exists w hen the channel is neither 
aggrading (filling) nor degrading (scouring) Several factors affect 
grade stabilit) 1 he most important arc velocit\ , amount ol vegeta- 
tion in the channel, straightness, sediment carried in the flow, and 
erodibility of the soil 

Overfall structures. \\ ater often enters the head (upper end) of 

Figure 21-6, ( httk dam made of inmdk^ of 'uilUr^ tuttm^s hud m a 
trench ait ow thi frully hetuiinthi of u^tllou stakes m Sant^Vtuz 
County y Caltfotma I he %.ill he planted to smtahh nt^etation 
fm final lontiol (Soil ( onservation Stivicc Photo) 
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a gully by an overfall. In this case a structure may be needed to check 
the overfall erosion. Overfall structures must be located to establish 
a nonerosive grade. The grade must be nonerosive from the place of 
overfall to the crest of the spillway* below. This grade depends on 
soil conditions. It may be detennined by studying the grades of 
existing gullies and channels in like soils which appear to be stable. 

The safety of a check dam depends on the downstream grade and 
capacity of the spillway. 

BANK PROTECTION 

There are two general cla.sscs of bank protection. One slows the 
flow along the banks, causing the silt to be dropped. Hie other pro- 
tects the bank directly. 'I'he bank Ls covered with brush or other 
material to slow the flow of water at ground surface and reduce 
erosion damage. 

Brush mats. Brush mats with shrubs or tree plantings may give 
very g«)od results. This may l)c an cxjxrnsive type of construction 
because of hand labor im oh ed. A brash mat has a .short life. Its main 
function is to provide a mulch to a.ssi.st in establishing a dense growth 
of vegetation. 'I'iie banks m.iy l>e sl<»ped and the brush mat laid at 
any season. 'I'he plantings are nude rhnmgh the mat. 

Willow s arc usually the best planting materials. Tlie brush is laid 
in shingle fashion w ith the butts pointing up the bank. The mat may 
vary from three to eighteen inches in thickness. This depends on 
the site of the stream and quantity of floating ice, logs, or other 
heavy material, 'fhe mat Is held in place by stakes driven in at an 
angle crossing each other in pairs. 

Another w ay is to drise stakes straight into the ground. They are 
arranged about tw'o feet, six inches apart on centers and interlaced 
with galvanized wire. After the wire has been attached the stakes 
are driven at an angle to increase the tension. Some of the details of 
a brush mat are show’n in Figure 2 1 -6. 

CRA.SS-L1NED WATERWAYS 

Gtass-WncA wa\tTw«ys twaVc up an 'wnponant pan of x\sc iatm 
water disposal system. Wherever natural sodded waterways are 
available, they shodd be used and should be carefully maintained. 


^ A passage for overflow water in a reservoir. 
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They arc the best type of channels for collecting and carrying excess 
surface water. 

Where terrace systems are installed, new drainage channels must 
sometimes be made. New channels should be lined with vegetation. 
Whenever plant covers protecting drainageways are seriously dam- 
aged, they should be re-established. When establishing a grass-lined 
channel, a suitable grass should be ii.scd. The grass selected should 
be able to stand up under flowing water. It should also be able to 
protect the channel from scour. 

l*hc Soil Conservation Service conducted studies to determine the 
water flow characteristics of vegetation in channek. These studies 
were made at outd«>ur lalmratorics near Spartanburg, South Caro- 
lina, and Stillwater, Oklahoma. Those at Spartanburg were con- 
ducted under field conditions on a rather steep hillside along a small 
stream in the Piedmont Plateau. The information thus obtained is 
applicable to the design of similar channels in the field. 

These studies dealt with plants adapted primarily to the South- 
eastern and South Central States. Studies were carried out with 
Benmida grass, common U'speder.a, scricea lespede/.a, and a mixture 
of orchardgrass, red top, and Italian ryegrass. I'ests were made also 
on centipede grass, Sudangrass, dallisgrass, cral>gras.s, and other 
plants. A channel lined with kud/.u was used to te.st the effect of 
seasonal conditions and growth on .stream flow. 

Oop production factors studied were growth, season, and chan- 
nel maintenance conditions. I'he slope of the channel bed ranged 
from I to 24 {kt cent. In most instances, it was cither 3 or 6 per cent. 
I'wo gcncnil types of channel were used, the trapezoidal and the 
rectangular. B<»th channels had fl.it bottoms. The walks of the trap- 
ezoidal channel sloped outward. Those of the rectangular channel 
were vertical or at right angles to the bottom. 

The protective capacity of each channel lining was measured. 
I'he measurement was made by determining the highest rate of flow 
the lining could withstand without being torn out by water. 

The results of the cx}ierinicnts showed that the effectiveness of 
channel vegemtion de()cnds on the degree to which the top of the 
vegetation is bent and flattened by the flowing water. This in turn 
dejiends mainly on the physical characteristics of the vegetation. It 
also dcjicnds on the manner of growth of the vegetation and the 
veUxrity and depth of the flowing water. 

Findings from the study are also applicable in other areas where 
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the same or similar types of vegetation may be used as channel lin- 
ings. 

Three water flow characteristics were covered in the studies. 
They were (1) resistance offered to flow by the vegetation, (2) 
protection offered the channel Ited, and (?) effect of vegetation on 
how water flowxd in the channel. 

Resistance to flow. Flowing water acts similar to wind in the 
erosion process. Flowing water drags as it moves along the surface 
of the channel, the same as wind drags or pulls along the surface of 
the ground. 

With wind, the velocity at the surface of the ground is know’n as 
drag velocity. The amount of drag is determined by the velocity at 
the ground surface. As the ground surface is roughened, as by clod- 
ding or by establishing plant cover, the drag velocity of the wind ls 
slowed down. If sufficient obstructions arc placed in the path of the 
wind, that layer of air in direct contact w ith the ground becomes 
more or less stationary. It loses its drag. ('A)asc(|ucntly, it has no ca- 
pacity to erode. 

At the same time, the layer of air immediately alMivc that in direct 
contact xt'ith the ground docs p<»s.sess velwity. So does each of the 
other layers higher up in the .lir mass. In fact, the velocity of each 
successively higher layer of air Is greater than the one immediately 
bcne.ith. These progressively higher velocities of aii make dust 
clouds pos.siblc, once fine dast particles have been bounced off the 
ground. 

And so it Is with flowing \\ .iter. As flowing water moves along the 
surface of a channel it drags or scours. It too has drag velocity. The 
erosive power is proportional to the drag velocity, w Inch is greatest 
on bare, smooth surfaces. Flowever, as the friction is increased, the 
velocity Ls low'cred. It loses .v>me of its drag. If the liotroni and sides 
of the channel are roughened suflicicntly, or a dense enough sod is 
established, the layer of water at the immediate ground surface be- 
comes stationary and loses its drag or power to erode. 

But with flowing water, as with wind, each successively higher 
layer of water encounters less olisrruction. And so, having greater 
freedom to move, it flows faster. 

Grass channel linings resist the flow' of w'ater. The grass roughens 
the surface and obstructs the flow of water at the ground surface. It 
reduces the water’s drag velocity— its eroding power. 

Plants are most effective in reducing the rate of flow when the 
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water is shallow. In this case, the plants stand up in the flow. They 
arc neither bent nor covered and thus offer the greatest resistance to 
flowing water. The layer of water at the ground surface stops flow- 
ing. It does not erode. 

As the depth of the flow increases, the water gets deeper. And, 
too, the grass is less dense toward its top than at the ground. There- 
fore it offers less and less obstruction as the flow depth increases. 
Kvcnrually the wearer gets deep enough to bend the grasses over and 
submerge them. 

The resistance to flowing water at the point where grass is sub- 
merged starts decreasing. The flow increases rapidly as the depth of 
water above this point increases. When bending and submerging Ls 
completed, the resistance begins to level our and the water soon ap- 
proaches a steady rate of flow. The most rapid change in the rate of 
flow' takes place at the point where the grass is submerged and steady 
flow develops. 

Kven though the portion of water above the grass flows faster 
than that at the ground surface, it does no damage, because it has no 
contact w’ith the ground. I lowevcr, it can carry large loads of silt 
and clay in suspension: material splashed up by raindrops or scoured 
loose from bare surf<ices in the channel by the flow'ing water. 

(iras.s-lincd channels are usually broad and shallow. They are de- 
signed w handle flou'S rcprc.scnted by the range of most rapid 
change in vekK-ity, or the velocity just above the bent and sub- 
merged grass. 

'fhe most important jol) of the grass in a grass-lined waterway is 
to prevent scour. The measures tif protective ability of grass is the 
greatest velocitj' to w'hich it will protect the channel from serious 
erosion. In the studies at Spartanburg and Stillwater the protective 
\ aliie of a number of grasses was determined. 

'Fhe safe velocity for grass depends on its kind and quality and on 
the texture of the soil in the channel bed. Sod vegetations have the 
highest safe velocities, f "lumpy bunch grasses have the low'est. Sods 
give complete protection to the channel bed. Bunch grasses have 
bare areas between the clumps. In addition, turbulence develops 
around a large clump of vegetation, causing local scour, (channel 
slope als<» affects safe vclwity. The steeper the channel, the low'er 
the safe velocity, because of the turbulent flow in the steep channels. 

\ grass-lined channel must be built to carry the ex^iected flow 
w'ithout overtopping or eroding. The first requirement is met by 



FAJtM SURFACE WATER DISPOSAL SYSTEM 


337 


making the channel large enough. The second is achieved by select- 
ing a channel cross-section to keep the mean velocity below safe. 

Ckmstrucdng grass-lined waterways. V^lienever possible, the run- 
off water should be diverted from the waterway until vegetation has 
become established. This is sometimes done by constructing a pro- 
tective dike at the head and along each side of the new channel. 
After the grass in the waterway has been established, this dike 
should be removed. W'hcre such diversion is not possible, the seed- 
bed may be protected with burlap or straw mulch. Straw should be 
covered with wire mesh or secured in some other way. 

Careful design is important to secure adequate inlet and outlet. It 
is also important to make certain that short and infrequent runoff in 
excess of the design flow will nor cause excessive damage. In many 
instances the low flow’s are earned in lined channels. Then additional 
capacity in the form of a vegetated channel can be provided to 
handle a portion of the infrequent larger flows. This reduces the cost 
of the channel lining by reducing the cross-section. 

Where gullies exist in waterw ays selected as a parr of the water 
disposal system, they should be filled. This can be done by plowing 
or blading in the banks. The banks should be sloped to secure the 
desired cross-section. All fill material should be mulched and com- 
pacted. It should be made finn enough to provide a gotid seedbed. 

Waterways can be made productive. In addition to handling ex- 
cess water, grass-lined w’atcrways can be made into productive parts 
of the fanii if they arc carefully established and properly managed. 
In many places they arc develo^u’d into regular hay fields. In other 
cases watcrw’ays are used to produce giass and legume seed. All of 
them can be pastured at certain rimes of the year. 

The right kind of grass is important. Grasses must have certain 
characteristics to be satLsfactory m channels. They must have com- 
pact root systems. They must grow thick on the ground. And they 
must flatten out under running water and straighten up w'hcn the 
runoff stops. 

Bermuda grass is one of the be.sr for use in waterw'ays in the South. 
It has a deep, compact root system and a short, dense growth. It is 
adapted to a wide range of soils. 

Kentucky bluegrass is an ideal grass for channels in soils that are 
high in organic matter. It has a dense root system that grows close to 
the surface. The top growth is moderately short and thick. 

Chewings fescue is similar to bluegrass. In addition, it growt on 
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joils low in organic matter, such as sands. Timothy is well adapted to 
a wide range of soil conditions but it is a bunch grass. It must be 
used with other gneses, like redtop, to form a thicksod. The root 
system of bromegrass is deeper than that of bluegrass but is not so 
dense. It is particularly well suited to deep, fertile soil. 

Tall fescues arc excellent wetland grasses. They stand up well un- 
der a heavy flow of water. Reed canary grass also grows in wet soils, 
but it should be used only where there is a deep, well-defined water- 
way. It Ls not suited to shallow w’atcrways. Its tall, dense growth 
causes silting. This makes a dam across the w'atcrss'ay. These dams 
may force the water out of the channel or make it wander back and 
forth in the channel. 

Good seedbed essential. Preparing a good seedbed is the key to 
getting a g(K>d stand of grass in the waterway. If the field is being 
seeded to meadow, the seedbed can be prepared for the waterway at 
the same rime, using the same tiMils. Some extra work needs to be 
done in terrace outlets and other sfiecially built channels. 

Barnyard manure at the rate of ten to twenty spreader loads per 
acre as a mulch after seeding produces g(H>d results. Lime, usually 
one to two toas per acre, can be worked into the soil 'when the seed- 
bed is being prepared. If manure is nor available, use liberal amounts 
of a suitable commercial fertili'/er. 

Use good seed. High-quality, live seed is a necessity. Use two or 
three rimes more seed than ordinarily used for meadows. Sow seed 
shallow -one-quarter to one-half inch deep if a drill is used. Put the 
seed on top of the ground if it is sown by hand. 

Seed a simple mixture. The seed mixture should be simple. That 
is, it should contain only a few kinds of seed. In fact, one grass with 
a short-lived companion crop usually Ls enough. Grasses having dif- 
ferent growth haliirs may compere with each other. This competi- 
tion may weaken some of the sfiecies. In many places, it is not ad- 
visable to ase a legume, bur in the South, kudzu and sericea Icspedeza 
make excellent wateiw'ay linings, (^alcy peas and reseeding crimson 
clover arc also used as winter legumes on summer grasses. 

Fertilizer needed. .More fertilizer is needed to maintain a good 
sod in wareru'ays than on most field crops. The area occupied by the 
waterw’ay is vulnerable. Grass must be established quickly and prop- 
erly maintained. The w'atei^vay can also be used for producing hay 
or other forage. If a drill is used, the fertilizer can be applied with a 
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fertilizer attachment. When the seed is broadcast the fertilizer can 
be broadcast at the time the seedbed is prepared. 

Mulch after seeding. After seeding, spread a light mulch at the 
rate of about two tons per acre. Use straw manure, small grain straw, 
or other suitable material for mulch. Then cultipack to cover the 
seed and press the mulch into the soil. 

Seed in early spring or late summer. Successful grass seeding can 
be made during early spring or late summer. If the waterway is pre- 
pared out of season, it should be seeded with a stabilizing crop to 
prevent damage from rains. Sudangrass, oats, rye, or similar crops 
can be used in the spring. For a fall stabilizing crop, use oats, rye, 
ryegrass, or similar crop. 

For fall seeding cut the stabilizing crop four to eight inches high. 
Rcmo\e surplus top growth. I'his iiu) later be used as mulch after 
.seeding. Then seed the gra.vs mixture with a drill, or broadcast and 
cultipack. If the ground is dry and h.ird, it m.iy be necessary to disk 
before seeding. 

Protect waterway while establishing grass. Start protecting the 
u aterway as soon as it is .seeded. Divert the w ater that falls on the 
rest of the field from the waterway while the gi'a.ss is getting .started. 
Until the seeding is well established, no w.trer should lie allowed to 
flow over the grass except that which falls directly on it. 

Fertilire frequently to keep sod strong. Fertilize the w'aterway 
lilrerally at least once a year. Use the fertilizer treatment Ireing used 
for other sod cro})s on the farm. .Apply at rates at lea.st one and one- 
half times that used on sod crops. This is to keep the grass healthy 
and to produce a dense s<kI. 

Keep the gra.ss in the waterway short if it is not to Ik mowed for 
hay or used for seed. .\ short, dense top growth of grass carries more 
water without injury to the u arerw.ry than tall mature grass with 
stiff seed stalks. &ed may be harvested from some w'aterways, but 
many types of grxss provide less protection against washing when 
allowed to produce seed. For this reason grass in waterways carry- 
ing heavy flow should not be allowed to produce seed. And animals, 
especially hogs, should never have free access to waterways. 

Repair when needed. If the grass lining of the waterway be- 
comes damaged, repair it immediately. It will Ik easy when the dam- 
age is small. F.ach rain increases the cost and labor of putting the 
waterway back in good condition. 
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Rills and small gullies may develop in a waterway during rains 
even when perfect scedings have been established. They are often 
started by such obstacles as rocks, a broken tree limb, or weeds 
which cause the water to concentrate in one place. The concen- 
trated water may cut through the sod. Such obstacles mast be re- 
moved and the scar filled. If the hole is more than three or four 
inches deep, soil should be tamped firmly and sodded with good live 
stkI. The sod also should be tamped in place. 

Always lift plows and straighten disks when crossing the water- 
way. Plow at right angles to the waterway— never plow parallel to it. 
This prevents water from running along the side and starting a 
gully. 

The waterway is an important part of your water disposal system. 
If it fails, the rest of the system is weakened. 

Ql'ISlIONS 

1. Why do \vc need a farm water disposal system? 

2. How does the farm water disposal system handle excess w'atcr^ 

3. What makes up the farm w atcr disposal system? What is the pur- 
pose of each portion of the s\ stem? 

4. How' docs the farm water disposal system accomplish its' mission^ 

5. What are terraces used for? How do they accomplish this? 

6. Why arc gra.ssed waterways so necessar)'? 

7. What is a diversi^m diich^ I low is it constructed^ 

8. What are check dams used for? 

9. What are hrush mats used for? 

10. I low’ does vegetation protect the giound from flow ing w’atcr? 
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IkkKiAiion is as old as civilixarioii. In fact, irrigation first made civi- 
ii/arion possible as we now know it. By irrigation the Mesopota- 
mians were able to produce cro(is in quantities greater than their own 
needs. This made it pos.sible for some of their population to do other 
things than produce food. 

Irrigation liad licen established ss hen tlie writing of history began, 
t'airlier than 2,000 years r.c. water was diverted from the Nile River 
to irrigate the desert lands of Egypt. 

Irrigation in China is known to be more than 4,000 years old. The 
famous Tu-Kiang Dam, still a useful dam today, was built in 200 b.c. 
It provides irrigation water for alnmt one-half million acres of rice 
fields. I'he Crand Canal, 700 >Milcs long, was built a.i>. 589-618. 

Irrigation in America is also old. It was practiced by the Indiaas at 
the time of the Spanish Invasuiii. There are evidences that extensive 
irrigation works once existed in Arizora and New Mexico. It is be- 
lieved that some of these canals were built about a.i>. 700. Most of 
these earlier irrigation systems were abandoned before white men 
came to this continent. 1 lowever, many of the Indians of the South- 
west were practicing irrigation on a small scale. 

Irrigation was also practiced by the Spanish padres at the early 
missions in California. They irrigated gardens, orchards, vineyards, 
and some small grain fields. Irrigation was also practiced by trappers, 
miners, and frontiersmen in many places in the West. However, no 
effort was made to develop an agricultural economy based on irriga- 
tion until the Mormon pioneers entered Salt Lake Valley in July, 
1847. This was the beginning of modem irrigation in America. 
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From the first, irrigation was a cooperative undertaking. Commu- 
nities were located on the streams flowing from the mountains. 
Community ditches were constructed to serve both the outlying 
agricultural areas and the garden plots in the tow’ns. 

The second important irrigation development was the establish- 
ment of the Union Gilony at Grecly, Colorado, in 1870. This com- 
munity effort resulted in more than 30,000 acres being brought un- 
der irrigation. 

From these lieginnings, irrigation agriculture spread rapidly 
throughout the wc.stern states. By 1890 the first irrigation census 
showed a total irrigated area of 3,63 1, (MK) acres. This area was about 
doubled during the next decade, and doubled again by 1910. The in- 
crease in irrigated land was rapid and steady up to 1920. Irrigation 
water was mostly from surface w atcr supplies. 

During the next decade there was only a vcr>' small additional 
acreage irrigated. Most of this was also irrigated from ground water 
supplies. A relatively small increase occurred between 1930 and 
1940. .A larger gain was made between 1940 and 19?0. Again, the 
water for this gain came almost entirely from ground water supplies. 

IKRI(.\TION AND r<>UI> PRttUUCnTION 

W'ith the population incre.Uie expected, there will be 190 million 
[tcoplc in the United States by 1973. Our total agricultural cropland 
has remained about the same since 1920. However, the farm output 
index has increased from 92 in 1920 to 1 38 in 1930. Since 1935 the 
equivalent of about 43 million acies of cropland has been released 
from feeding horses and mules. By 1973, another 15 million acres 
can be cx)K’crcd to be released from this use. It is estimated that 
almut 30 million acres can be added to our cultivated area by rec- 
lamation through irrigation, drainage, and land clearing. Of this, 
altout 6 million acres could be brought into production by 1975 
through irrigation. Ihis Ls a big job. 

In order to maintain the 1930 .standard of diet, we need more land. 
W’e need almut 577 million acres equivalent of cropland by 1975. 
This is almut 70 million acres more than appears to be available. We 
need an additional 1 12 million acres, or a total of 689 million acres, to 
provide an adc4]uate diet for all. This indicates that we are closer to 
the day when wc will face a food shortage than most of us realize. 

More efficient use must lie made of btith our land and water if we 
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are to meet these new crop production demands. Land now under 
irrigation must be managed to get the maximum returns from the 
water available. And, too, additional acres must be brought under 
irrigation. New sources of water for irrigation must be found. This 
applies to old irrigated areas as well as the humid area of the eastern 
section of the United States. In short, every acre of land and every 
gallon of irrigation water must be made to produce their most. 

IRRIGATION RUMINATES DROUGHT HAZARD 

Irrigation has long made it possible to produce bountiful crojK in 
arid climates. Good crops would not be possible without irrigation 
in these climates. During recent years, we have found that irrigation 
eliminates drought hazards in the Hast too. U c find that by supple- 
mentary irrigation crop production can t)e greatly increased in most 
years in the humid section. 

Adequate moisture, combined uith ample plant food and g(K>d 
management, enables crops to produce tup yields. I^or example, 
properly prepared and managed irrigated pastures in W'ashingtun 
produced two to three rimes as much beef per acre as unimproved 
irrigated pastures. The unimproved pastures consisted mainly of 
Kentucky bluegra.ss. The amount of beef produced averaged 200 to 
250 pounds per acre on the unimproved pastures. The improved 
pasture produced an average of 549 pounds of lieef per acre annually. 
This study extended over a four-year })criod. 

Supplementary irrigation in summer of Benuuda-Ladino clover 
pasture in Georgia increased the production of forage 27 per cent. 
Protein production was increased even more. It was increased 67 per 
cent. Greater survival and growth of I adino clover with irrigation 
accounted for both the increased forage and protein production. 

It has been shown that oitron in Texas has a critical need for 
water during the fruiting period. If adequate moisture is not avail- 
able at this period yields arc reduced. In addition, the cotton pro- 
duced is of inferior quality. It has a shorter staple length. 

Studies in Florida show it is unsafe to try to grow vegetables with- 
out irrigation. Irrigation docs not pay on all crops each year, but it 
insures a crop. Irrigation paid big dividends in years of low rainfall. 
It assures the farmer of a full crop whether there is ample rain or not. 
Irrigation often means the difference between a successful harvest 
and crop failure. 



344 


IRRIGATION 


CONSUMPTIVE USE OF WATER 
AND IRRIGATION REQUIREMENTS 

Water is the limiting factor in the expansion of irrigated agricul- 
ture. Thus in irrigation planning, it is essential that consumptive use 
and irrigation water requirements be known. This is true both for 
large irrigation projects and for individual farms— whether in the 
arid West or in the humid Fast. 

Omsumptivc use means the amount of water required to produce 
a crop. It includes water lost by eva}M)ratiun from the soil as well as 
that lost by transpiration by plants. It is referred to as evapotraaspi- 
ration lt)sscs. Evapotranspiration Ls the index of how much irrigation 
water is needed for good production. 

CON.SUMPTIVE USE 

The term consumptive use, as used here, is synonymous with 
evapotraaspiration. It is defined as the sum of the volume of water 
used by vegetative growth and that evaporated from the soil. \V'ater 
used by plants in building tissue is given off through the leaf surface 
or traaspired. If the unit of time is small, consumptive use is ex- 
pressed in acre-inches per acre or depth in inches over an acre. Buf if 
the unit of time is large, such as a crop-growing season or a twelve- 
month period, consumptive u.se Ls usually expressed as acre-feet or 
depth in feet over an acre. 

FACrrORS AFFECrriNG I:UN.SU.MPT1VE USE 

Many factors operate singly or in combination to influence the 
amount of water used by plants, 'llie effects of these factors are nut 
constant. They fluctuate from year to year as well as from place to 
place. Some involve the human factor, but others arc related to natu- 
ral influences and the environment. 

Tlie rate of evapotranspiration depends on a number of factors. 
Some of the most important of these arc moisture supply, vegetative 
cover, soils, and land management. The climatic factors affecting 
consumptive use arc precipitation, tempcrattire, humidity, wind 
movement, and length of growing sca.son. Also the quantity of water 
transpired by plants depends on the amount at their disposal. Cer- 
tainly, if there is a limited supply, watet use will be small. 



iRRlGATION 


345 


STUDIES AND RESULTS 

Research studies have been made on evaporation and transpiration 
at various times during the past fifty years in the United Stares. One 
of the first studies of this kind was made in California in 1903 . At 
various times and places, consumptive ase of water by different agri- 
cultural cro|>s and natural vegetation has been measured. Results of 
these studies show estimated rates of consumptive use of water by 
each one of the more important crojis. Formulas have been de- 
veloped to determine evaporation and consumptive use of water by 
using temperature and humidity data. 

\^arious methods have been used to determine consumptive use of 
water by agricultural crops and natural vegetation under field con- 
dirion.s. Regardless of the nicthoil, the problems encountered arc nu- 
merous. The source of water used by plants, w'herhcr from precipi- 
tation, irrigation, or ground water plus precipitation, is a factor in 
selecting a method. 

WATER U.SE AND CLIM \T(>Lt)GiCAL D^tTA 

Measurements of consuniptise use under each physical and cli- 
inatical condition of any large area are c\|iensive and time consum- 
ing. 'nicrcfore, stinie rapid niethtid of transferring the results of 
measurements, made in several arca.s, to other areas is needed. Such a 
method was developed bj the Soil Cainscrvation Service. 'Fhe pro- 
cedure con elates existing consumptive-use elata with a number of 
local factors. I'hc most inipoitant of these arc monthly tempera- 
tures, percentage of daytime hours, precipitation and frost-free pe- 
riod, or irrigation .season, higuics deve. »ped for different crops are 
used to adjust consumptive use data foi one location to others where 
climatological data alone are .t\ ailable. 

The use of water is affected by numerous factors. But tetn^iera- 
tiirc and precipitation records arc the nuist universally available data. 
Of all the climatic factors, these elements, together wnth daylight, 
have the greatest influence on plant grow th. 

WATER QUAUTY AND IRRIGATION 

Crop production under irrigation must alw'ays be concerned with 
the quality of water used. The quality of water influences the irriga- 
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tion and drainage practices followed and determines the type of 
crops that can be grown successfully. 

All water from surface streams and underground sources contains 
dissolved substances known chemically as salts. Ocean water con- 
tains approximately 3 per cent salts. Waters used for irrigation gen- 
erally contain less than 0.5 per cent salt. 

In common usage, salt is thought of as table salt. However, thou- 
sands of different salts are known. Examples of the salts in irrigation 
Mrater are table salt (sodium chloride), Epsom salt (magnesium sul- 
fate), gypsum (calcium sulfate), muriate of potash (potassium chlo- 
ride) and baking soda (sodium bicarbonate). 

WATERS VARY IN SALT 

The total salt content in surface and underground waters varies 
widely. Mountain streams often contain less than one-fourth ton of 
salt per acre-foot. Drainage waters and ground waters in desert val- 
leys may contain as much as ten to fifteen tons of salt per acre-foot. 
In general, the further a stream extends from its origin, the higher its 
total .salt content will be. This Is due to the inclusion of more and 
more valley drainage water. 

Ground waters in river valleys often vary widely in total salt con- 
tent. I'hc content differs at different kn'ations and at various depths. 

In addition, waters differ greatly in the kinds of salt present. Some 
waters are high in table salt and sodium bicarbonate. Others are high 
in Epsom salt and gy}tsuni. 

IRRIGATION ADDS SALT TO THE .SOIL 

Since all surface and underground waters contain salt, irrigation 
adds salt to soils. The amount of salt added annually to each acre de- 
pends on the total volume of water applied, the amount of salt in the 
water, the subsoil drainage, and the crop gown. 

For example, in the El Paso Valley, approximately 37 inches of 
Elephant Butte water are applied annually under normal conditions. 
Since this water contains approximately one ton of salt per acre- 
f<K>t, the soils in the Valley receive an annual application of three 
tons of salt. Where water from wells high in total salt content is 
used, much larger quantities of salt are applied each year. The salt 
applied remains in the soil unless it is flushed out in the drainage 
water or is removed in the harvested crop. 
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SALT ACX:UMULATION PRODUCES 
SALINE CONDITIONS 

A saline soil is one in which salt has accumulated sufBciently to 
reduce crop yields. Salt is applied each year through irrigation. ^n> 
sequently, any condition or combination of conditions that allows 
the salt to accumulate in the soil produces a saline soil. Some of these 
conditions are: frequent and light irrigations where little or no salt is 
being flushed out of the soil; water application to tight, slowly per- 
meable soils; and poor drainage, which results in a high water table. 

The development of saline soils is a process of salt accumulation. 
Consequently, salinity can be associated with either good or poor 
quality water. Obviously, the more salt an irrigation water contains, 
the gi eater the likelihood for saline soils to develop. Soils that cannot 
be flushed out and drained readily should nor l>c irrigated for long 
periods of time with waters high in salt. 

SODIUM BICARBON \TE AND BLACK ALKAU 

Black alkali develops in soils when they arc irrigated with waters 
containing more bicarbonate than calcium plus magnesium. Accom- 
panying the prcxress of black alkali formation arc changes in the soil 
clay. Sodium displaces calcium and magnesium from the clay. The 
calcium and magnesium arc then deposited in the soil as insoluble 
lime. As a result, soil structure deteriorates. .\ir and water are then 
restricted, soil alkalinity increa.ses, and plant growth declines. Often 
these soil changes arc more pronounced when waters low in salt but 
high in sodium percentage are used. 

SALT lN|URIOUS 10 PLANTS 

The salt in irrigation waters is injurious to plants. As the salimty 
of the soil increases, plant growth is progressively restricted. Imme- 
diately following an irrigation, the salt concentration in the soil 
w'ater of the upper part of the root zone will be aliout the same as in 
the water applied. As the soil dries out, the salt in the soil water be- 
cennes mure concentrated and, consequently, more injurious. 

Irrigation with water hig^ in salt content increases the concentra- 
tion of salt in the soil. The more saline the irrigation water, the more 
frequently and more abundantly must the land be irrigated. It is 
necessary to keep displacing the soil water downward to avoid high 
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salt concentrations in the root zone. The amount of leaching of the 
root zone— the amount of soil drainage— should be increased if more 
salty waters are to be used successfully. 

ADEQUATE IRRIGATION AND DRAINAGE 
SOLVES SAUNITY PROBLEMS 

As pointed out, the salt added with each irrigation remains in the 
soil. Salt becomes more concentrated unless washed downward with 
later irrigations. Consequently, the prevention of salinity is a matter 
of applying sufficient water. Water is applied periodically to flush 
out the salt left from previous irrigations. 

Application of irrigation water creates the problem of drainage. If 
enough water is applied to keep the excess salt flushed otit of the root 
zone, water moves downward and eventually reaches the water 
table. 

This process raises the water table. As long as the water table re- 
mains six to ten feet below the surface, little or no difficulty is en- 
countered. Bur if the water table rises above this level, the practice 
of flushing the excess salt downward must be stopped. For, if flush- 
ing is continued, the water table moves up into the r(H>t /one and 
waterlogs the soil. Waterlogged soil is ptmrly aerated and is*lcss 
suited to plant growth. Under these conditions construction of a 
drainage system Is necessary. 

More open and permeable soils are better suited for irrigation l)e- 
cau.se they drain better. (A>nsequenrly, they can handle salty waters 
better than tight soils. 

For example, water passes through tight clay soils at the rate of 
one-fourth to one-half acre-inch |xrr hour. In moderately })cnneable 
clay loam soils, water passes through at one-half to three inches per 
hour. In coarse sandy soils, as much as seven to nine inches may pass 
through per hour. For this reason, with adequate drainage, o].M:n 
permeable soils can be irrigated more safely with lower qtiality 
water than tighter soils. 

FREQUENCY OF IRRIGATION 

Soil holds moisture with considerable force. The drier a soil be- 
comes, the tighter the water is held. Only free water drains out of 
soils. Its movement is controlled by gravity. Water remaining in soil 
after all free water has been removed is held by the soil. This water is 
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held by a force of five pounds or more per square inch. At this point 
soil moisture is said to be at “field capacity.” It has no free water. It 
also has all the capillary moisture it can hold. 

xAs the soil becomes drier, the force of attraction between soil and 
water increases. As this force increases, it becomes more difficult for 
plant roots to extract the water. When plants can no longer draw 
moisture from the soil, the soil is at the permanent wilting percent- 
age. I'he remaining water is held to the soil by a force of 22 S pounds 
per square inch. This force is greater than the pulling force exerted 
by plant roots. 

A great deal of energy is required to move water from soil into 
plants. The amount of energy is greater than the attraction between 
the soil and water. For example, at field capacity i^ requires energy 
from ilie plant equal to five pounds pressure per square inch to ex- 
tract >^ater. As the amount of capillary water declines, that icmain- 


figure22-l. Soil moisture rewawiiigr tn the soil of vanou^ nwistun ten- 
uous {Fly ( leik clay loam). 



SOIL MOISTURE— PER CENT OF TOTAL AVAILABLE 



950 


IRRIGATION 


ing is held more firmly by the soil. More energy is required by the 
plant to extract it. Thus, 45 times as much energy is required at the 
wilting percentage as at field capacity. As the amount of capillary 
water declines, the task of plant roots becomes increasingly greater. 
I'his task of the plant continues to increase until the wilting point is 
reached. 

W hen energy required by plants to obtain water becomes too 
great, grow th is reduced. The ft)rcc w'ith which moisture is held to 
soil does not increase very rapidly until about 60 to 80 per cent of 
the total available moisture has l)cen removed. W'hcn soil contains 
less than about 30 per cent of its total available water, plant growth 
declines. 'Miat means irrigation water should be applied before the 
level of available water drops below this point. 

WHAT IS A DROlJC;HT? 

Agricultural drought a ctindirion of rainfall deficiency w ith re- 
spect to crop production -has not been defined accurately. It should 
be defined on the basis of s(»il moisture conditions and resultant plant 
behavior. 'Miis method of defining drought is more practical than 
using rainfall records. 

Just w'hen a period of relatively dry weather becomes a dnwght 
is a matter of debate. I he elTccts of droughts of varying duration 
and intensity arc known only in a general wav. It is this relationship 
between drought duration and intertsity that holds the key. It is the 
period of time being considered and the amount of rainfall received 
during this period. 

W’e may be safe in assuming that a drought begins at the soil mois- 
ture level where plant roots begin e\})criencing difficulty in getting 
moisture from the soil: that is, at the rime w hen plant growth begins 
to slow down because of lack of moisture. I'his point is reached 
when from 60 to 70 per cent of the capillary w ater has been used by 
plants. At this |)oint plant growth begins slowing df)W'n. After all, it 
is plants, not man, that determine when droughts set in. Droughts 
begin when the capillary water level falls low enough to keep plants 
from getting their full quota of water. 

Oops need definite amounts of water during their growth period. 
I'he amount of wearer needed usually increases as crops grow older 
or become more mature. Soils can hold only so much capillary water 
at any one time. Consequently, the faster plants remove capillary 
moisture, the quicker the soil's supply is exhausted. Older plants use 
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water faster than young ones. Because of this, there is need for more 
frequent rains during periods of heavy use of soil moisture. If the 
rainfall pattern is not adequate to meet this demand, the difference 
should be added as irrigation water. 

If wc are to determine when droughts set in and how much irriga- 
tion water is needed, we need to know three things. First, wc must 
know how much available water soils will hold— what their storage 
capacities are. Second, we must know at what rate plants use w'atcr 
at various stages of growth or, more particularly, what the daily 
evapotranspiration rate is for each month of the crop growing sea- 
son. Third, wc must know u h.it our chances are of getting enough 
rainfall at each successive stage of crop gmwth. 

By knowing how' much available water a soil will hold, wc know 
how much w'atcr can be stored for the growth of crops By knowing 
how much of this supply is used daily, w'c know how' long it will la.st. 
By knowing the probability of having the supply replenished by 
rain, ■wc know how’ much of an irrigation problem we have or how' 
much water needs to be added artificially to keep crops growing at 
tup speed. 

Wc also need to know w hat {lortion of the rainfall is likely to be 
lost as runoff— or, better, how much of it W’ill seep into the ground. 

The frequency of drought may be estimated for a particular crop. 
This may be dune by determining the nunilier of days during the 
crop’s growing season that soil moisture tension exceeds a point 
know n to slow’ crop grow'th appreciably. Soil moisture tension is the 
attraction of soil grains for water. As the tension rises, it liecomcs 
more difficult for plant rwits to get water. 

In other words, the frequency of drought may be estimated by 
determining the number of d.iys during their growing season that 
crop plants find it difficult to get enough moisture to keep them 
grow'ing at top speed. That is the number of days there is conqieti- 
tion between plant roots and soil for moisture. Those days in which 
plants do not get enough moisture we call drought days. 

The frequency of drought days depends on a number of factors. 
They include rainfall pattern, moisture characteristics of the soil, 
depth of rooting, reaction of the plant to moisture tension, and rate 
of evapotranspiration. 

Drought, thus determined, has a truly agronomic character. It is 
a yardstick for measuring adequacy of climate and soil for providing 
the best soil moisture conditions. 
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Past rainfall records and an estimate of evapotranspiration can be 
used in determining drought frequency. 

WHEN TO IRRIGATE IN HUMID AREAS 

One of the problems associated with irrigation in the humid area 
is that of determining wlicn to start irrigating a crop. 

'['he object of irrigation is to keep the tension of the soil water 
from getting high enough to depress plant growth and yield. This 
value is unknown for most cro))s. One of the more important prob- 
lems of irrigation Is to determine soil moisture conditions at any 
given time. 'I'liis is simplified by the fact that, fur a given soil, the 
value of the soil iiioLstiirc tension is related to the soil moisture con- 
tent. This relationship is kmiwn as the moisture characteristic of the 
soil, or the difficulty plant roots have in getting tnoLstiirc from the 
soil. 

The time at which the soil tnoisture supply has been reduced to a 
danger point must be detennined. It can be determined Ity measur- 
ing either the tension or moisture |>ercentage. 

EVAPOTRAN.SPIRATION METHOD 

'Fhe .status of soil moisture at any given time can be determined 
indirectly by accounting for differences between water added to 
and water lost from the soil. On draihed land w.iter is lost by cva}K)- 
ration from the land surfac*e and by transpiration of the vegetative 
ctwer. The combined pniccss, known as evapotranspiration, ac- 
counts for all water lost. Irrigation and rainfall minus runoff ac- 
counts for all water added. 

\Vc set up a simple bank account procedure to dctentiine the 
readily available moisture supply in soil at any given time. This is 
done by keeping a record of water added to the soil and the amount 
lost daily by evapotranspiration. W’hen this supply is reduced to 
zero, or near zero, the need for irrigation is indicated. 

Actual and calculated evapotranspiration rates. Actual evapo- 
transpirarion rates arc in close agreement with the ones developed 
by more elaborate methods. There is close agreement between meas- 
ured and calculated rates of cvafKitranspiration. Neither is there a 
great difference between computations based on long-term averages 
of temperature and computations based on actual occurring tempera- 
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ture. This has practical significance. It is easier to use average figures 
determined in advance than to work with current data. 

Method of application. The usefulness of this method can be 
illustrated by using a field of tobacco. The tobacco was growing on 
Ruston coarse sandy loam at Raleigh, North Carolina, in July. The 
moisture characteristics of Ruston coarse sandy loam show that at 
field capacity its moisture content is 12.5 per cent. This represents 
1 . 5 inches of water in the root zone. 

The daily evapotranspiration for the Raleigh area is 0.21 inch in 
July. Therefore, by subtracting evapotranspiration and adding rain- 
fall and irrigation to the supply, a running record of available soil 
moisture can be kept. I'liis is illustrated in lablc 30. 

TABl r ^0 

r\JkMPiis <ir Sciii MoisieRi Ac cot Mr 
Rlsion S\\i)\ Ia)\m 

Vcilumc weight. IAS 

Moisture content (weight hjsis) at held ca().ic*it) . 

Moisiuii* content ar nuximuiu Allow.tlile tension equals' 

Tseful moisture r.ingc 

N'olume of wMter in useful range ( I inches soil) • 

1.? inches 


Date Kvaiwtransiurauon Priripitatioff Irji\fiutnu Supt^ly 

July 1 0.21 1.80 ... \M) 

1 0.21 ... .... 1.20 

I 0.21 .... ... 1.08 

4 ... 0.21 ... .... 0.87 

^ 0.21 0.26 . . 0.92 

6 0.21 ... ... 0 71 

7 0.21 .... .... O.U) 

8 0.21 . . ... 0-29 

9 0.21 ... ... 0.O8 

10 0.21 ... 1.^0 1.17 

n 0.21 ... 1.10 

12 0.21 1.0ft .... l.?0 


W’hcn a need for irrigation i:» indicated, as on July 10 in 1 able 30, 
1 .5 inches should be applied. Rainfall is also added to the supply, ex- 
cept when the total exceeds 1.5 inches If 1.5 inches arc exceeded, 
the additional water is not added to the supply because it becomes 
unavailable to the plants. It passes below the root zone to tlie water 
table. 

A number of factors need to be known to use the evapotranspira- 
tion approach. They arc the rooting depth of the crop, moisture 


1 2.? per I cut 
4 4 per cent 

K.l perrcni 
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characteristics of the soil, the moisture tension tolerance of the crop, 
evapotranspiration rates, and rainfall records. 

Resultt of application. In 1951, 1952, and 1953 irrigation was 
scheduled on the basis of this method. Both the yield and quality of 
flue-cured tobacco was improved at Oxford, North Carolina, over a 
three-year period. In all three years important yield increases were 
obtained. This method made it possible to keep the moisture level 
from falling below rhe danger point. Moisture conditions were kept 
favorable for rapid growth all .season, llic result was a larger yield 
and a higher quality product. 

EROSION CONTROL ON IRRIGATED LAND 

Irrigation is often a destructive type of agriculture. Water flow- 
ing in streams on bare land is very erosive. When flowing water is 
applied to steep slopes, it is even more destructive. Figure 22-2 shows 
the critical, or maximum, allowable furrow stream for different 
slopes. Two Af the curves were developed by observing the effect of 
different sizes of furrow .streams under actual field conditions. The 
third was devcUqtcd from results of tests with one soil under labora- 
tory conditions. 

The curves show serious erosion results on the steeper slopes, with 
a small increase in flow above the critical-size stream. If the furrow 
has a sIo|ie less than 1 .0 per cent, the addition of five gallom more per 
minute per furrow may have little or no harmful effect. If the slope 
is less than 0.5 per cent, the addition of ten or mure gailoas per min- 
ute may be hamdess. .As the slope mcreases, however, rhe .size of the 
furrow stream must lie accurately adjusted. AVith a 5 per cent slope 
and a critical furrow stream of tw<i and a half gallons per minute, a 
small increa.se to the stream of one half or one gallon per minute may 
cause serious soil movement. 

I'hese data emphasize rhe inqKirtance of maintaining flat grades 
for surface irrigation. Land leveling should be used to shape rhe 
slojic of the land where practical. If it is not practical to level the 
land, farming operations should be conducted across the slope. They 
should be almost on the contour. 

Such practices reduce erosion and decrease the time for irrigating 
such land. Less water needs to be run over flatter grades to get the 
desired amount of water into the soil. Water can go into the soil 
only so fast. ITie more rapidly it flows, the less enters the soil. Then 
mure water needs to be run over the soil for irrigation. 



SLOPE OF FURROW ( Per cent ) 



CRITICAL MAXIMUM ALLOWABLE FURROW STREAM 
( Cubic feet per minute ) 

Figure 22-2. Crtttcal-stze luno'w itrvam for lUfJerent slopes on three 
sods. 


Thus, it can readily be seen why crision is difficult to prevent on 
steep lands when they are irrigated by surface methods Safe han- 
dling of w'atcr on the steeper grades requires control of the stream 
size. The runs should be short enough to reduce stream force. Si- 
phons, a gaited surface pipe, gaited wooden flumes, gaited spiles, and 
other devices have been developed to control the swe of furrow 
streams. Although these controls are relatively new, farmers in cer- 
tain irrigated areas are beginning to use many of them. Elsewhere, 
the advance in handling irrigation water has been slow'er. It is not 
uncommon in these areas for 25 tons of soil per acre to be removed 
from a field during an irngation. Application of twice the critical 
stream to a furrow in an Idaho bean field removed one-half inch of 
topsoil in one irrigation. 
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Fiiicient use of irrigation water is almost impossible on steep 
fields. This is particularly true if the furrows run down the slope. 
The production of row crops on steep slopes results in very poor 
moisture distriimtion. This is true even with careful irrigation, short 
runs, and medium size streams. Furrow irrigation gives a poor dis- 
tribution of water. Even on relatively fiat land, the up})er part of the 
field receives a little more irrigation than the lower part. 



Figure 22-1. Sifhon lubes are used by this Nebraska farmer to get 
ivatcr from the irrigation drteb into the com middles. This is one of the 
several methods of applying iriigation watei, (Soil (^onsen’ation Serv- 
ice Photo) 


On steeper land, however, this difference is so great that the upper 
end generally has enough moisture before the lower part of the slope 
has received any. At the time the water Ls turned off, the upper part 
of the field usually is wetted too deeply and the lower end is not 
wetted deeply enough. 

Shortening the length of the run help to reduce this difference. 
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The difference persists even on very short runs when the slo^ies are 
steep. ITie upper end of a 127-foot run on a 16 per cent slope al>- 
sorbed 2.2 inches of water. Only 1.2 inches went into the ground 75 
feet farther down the slope. On the lower part of the slope the water 
did n<jt fill the root /one. The jKnetration at the upper location was 
deeper than four feet. 

The beet yield was 30 tons per acre on the iipjier half of this field. 
However, it was only 21 .7 tons on the lower half. C'orn produced 58 
bushels on the top half and 3 1 bii.shcLs on the lower half. The soil 
was more fertile at the foot of the slope than at the foj). Conse- 
quently, the difference in yield was even greater than indicated. 

St)il moisture dLstribution on steep slopes can be improved by re- 
ducing the grade of irrigation furrows. Reducing the grade on one 
field liom 16 to 3 per cent, by directing the furrows acro.ss the slo})c, 
reduced the rate of soil loss fmm thirteen tons to one ton per acre 
per year. The amount of u ater added to the root /one at the up^^er 
part of this field was 2.4 inches jxt irrigation. Just 1 50 feet down tht 
furn»w the amounr was 2.02 inches. The crof>s were more uniform 
and the average production w.is higher. Oirn yielded 651 bushels ^wr 
.icrc on the flatter slopes. The yield on the .steep slope was 45 bushels. 

Water entered the soil twice as f.ist on the fl.u slo|)cs as on the 
steep sltjpe. The same amount of w.ttcr was put into the soil in 
twch e hours with the furrow s on a 3 per cent grade that entered the 
soil in rw’enty-four hours w hen the furrows were directed down the 
16 percent slope. 

There was also considerable reduction in the amount of irrigation 
wiLste Witter. .Most irrigations permit a certain si/e stream of irriga- 
tion wa.stc water at the end of the furrow. The shorter period re- 
quired for irrigation reduced the volume of water lost as irrigation 
w'astc. 

To irrigate “across the slope” is not without its disads antages. It 
requires more careful layout of furrows. The first irrigations re- 
quire more careful attention and the w'atcr net es.sarily will have to 
be moved more often. This results in more efficient irrigation and 
higher yields, however. 


Qiiistions 

1. Discuss bnefly the history of irrigation. 

2. What marks the iicginning of modern irrigation in tltis country? 
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3. How does irrigation affect our food supply? Why is this so neces- 
sary? 

4. How is irrigation used in the East? 

5. What do we mean by consumptive use of water’ What does it 
include’ What is its relation to irrigation? 

6. i low is consumptive use of water expressed’ 

7. Name some of the most important factors affecting consumptive 
use of water. 

8. How does water quality affect irrigation’ 

9. What is a saline soil’ Ho\s is ir developed’ 

10. Hou is the salinity problem handled’ 

11. Why is drainage usually a problem on irrigated land in the West? 
Docs the same problem esisr in the hast’ 

12. What determines when irrigation water should be applied? 

13. What do we mean by drought? 

14. What is meant by frequency of drought? How is it estimated? 

15. How do we derciminc when to irrigate in the humid area’ 
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Soil Drainage 


Dkainv.I'^ the removal of free soil water, is essential for good soil 
management. Use of some of the most productive land in the United 
States is dependent on drainage. 

Tojxigraphy and soil type arc important factors affecting the dis- 
tribution of undrained land areas. High-value cash crops arc pro- 
duced on well-drained land throughout the country. Open ditches 
and tile drains are both used evtcasively. Open ditch drainage is most 
generally used in the production of sugar cane and other crops 
grown on flood plains and muck soils. 

The most extensively drained area is found in the C'orn Belt. The 
Corn Belt has relatively uniform climatic conditions, tojiography, 
.soil type, crops, and type of farming. I fere drainage is of special im- 
portance in soil management. 

The purpose of drainage is to remove excess water, which Alls soil 
fiorcs and excludes air. The akscncc of oxygen in turn prevents 
processes that make food available to plants. The removal of w’ater, 
on the other hand, improves aeration and favors dccom^xisition and 
other processes that make the soil healthy. In this way drainage leads 
to the production of bumper crops on otherwise wet soils. All of the 
knowledge of soil management and the experience gained by farm- 
ers must be utilized if top yields arc to be obtained from any given 
fleld year after year. 

BENEFITS OF DRAINAGE 

There is a good deal of evidence showing that drainage has many 
beneficial effects. These effects show up when drains are installed in 
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soils where excess water occurs any tune during the growing season. 
Some of the benefits of drainage are (1 ) It permits aeration of the 
soil.^ Aeration is essential to root extension and growth. (2) It makes 
conditions favorable for the development of beneficial soil micro- 
organisms As the free water is removed from the soil, air moves in. 
Aeration is as important as suitable moisture conditions to the 
growth of microorganisms Microorganisms, m turn, make plant 
food available. (3) Drainage increases yields and improves the 
quality of the crops (4) Drainage permits earlier planting This in- 
creases the length of the growing season (5) It increases the root 
feeding area This permits greater development of root systems 
Cjrcater development of root systems means more economical use of 
available water and plant food (6) Drainage may make available for 
cultivation highly productive acres which were nor previously 
suited. 

Let us follow the seasonal sequence of events on a typical C^orn 
Belt farm In this w ay the iinporrance of drainage can be better un- 


21-/. Koot^ of plants on iktt soil an nstitctnl to a 

Mlou' layi r of soil at the sut fai t in the spnnir I his ndnci s bqfh the 
feedtnsf range and the amount of food aiailahk to the plant toots In 
addition^ uhin the giound dius out lattr in the nason the shallo'u 
root system txposis the plants to dama^t by drought (Soil Consersa- 
iion SctMCc Photo) 
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dcrstood. Practically every operation on the farm is influenced by 
the amount of water in the soil. The time of plowing, the number 
and kind of seedbed operations, the date of planting, and the nuipber 
of cultivations are all largely determined by conditions of soil tilth 
as affected by improper drainage. Even harvests are frequently made 
more difficult because of poor drainage. 

Legumes and grasses are likely to heave badly on soils that are wet 
during the winter. This frequently reduces the amount of vegetable 
matter available for soil improvement in the spring. The soil will bt 
more difficult to manage because of the reduced amount of plant 
growth. Heavy crop growth serves as a support for the farm tractor 
and lessens soil compaction. Because of the poor plant growth asso- 
ciated with a wet field, the field is likely to be plowed in the fall. 
Fall plowing leads to further soil structure breakdown. 

Or the land is likely to be plowed late in the spring— too late for a 
good crop of corn. Difficulties do not end with late plowing Be- 
cause of the poor sod and generally wet condition, the plowed field 
is likely to be cloddy— so cloddy that the hot sun and winds of early 
sun liner rapidly dry the surface soil. Surface inoLsture falls to such a 
low level that kernels of corn planted in the dry soil do not germi- 
nate promptly. They do not germinate until the necessary moisture 
is supplied by rain. The hazards of producing the crop are increased 
before the com sprouts. 

If the farmer is to plant corn in a cloddy field, he must reduce the 
clods to fine powder. He then proceeds with his planting operations. 
I'his pulverized seedbed is again hazardous. Rains compact the sur- 
face of the soil more easily. The ground is crusted and sealed. The 
surface crust interferes with young com and slows the movement 
of water through the soil. In addition ♦o these unfavorable mechani- 
cal conditions, soil aeration is also reduced. The soil wamis up more 
slowly. Young corn plants growing on ptiorly drained soil fre- 
quently turn yellow within 24 hours. 

In a wet field like this cultivation will be difficult if not impos.sibie. 
Environments are more favorable for v^xed growth than for corn. 
Consequently, the com suffers from weed competition. In addition, 
the stunted root system is unable to supply the growing plant with 
subsoil moisture as the season advances. This has led to the para- 
doxical statement that certain Corn Belt soils are dioughty because 
they are too wet. The corn plants suffer from drought late in the 
season because they had too much water earlier. 

Drainage problems in New England are less severe than in the 
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Corn Belt because of the more sandy soils. According to the drain- 
^ census, only one cultivated acre out of fifty in New England 
needs drainage. In contrast, the same census shows that one culti- 
vated acre out of every three in Ohio requires drainage. 

DRAINAGE NOT INJURIOUS TO LAND 

Research has shown farm drainage to be a valuable practice. It 
makes possible soil and crop management programs that better con- 
serve and improve farmland. It also makes better use of the water 
that falls on the farm. All in all, good farm drainage is a sound in- 
vestment. It pays the farmer substantial dividends in the form of in- 
creased yields and better land utilization. 

There are no experimental data to support claims, made by sinne, 
that farm drainage is exhausting ground water supplies, changing 
the pattern of rain and snow'fall, caasing excessive floods or 
droughts, lowering the productivity of the soil, causing an increase 
in insect populations, or stripping the top fertile .soil from the land. 
On the other hand, there is much experimental evidence to show 
that pnqierly installed drainage systems incrca.se crop yields and 
make pn)pcr soil management p>s.sil)le. 

Tile drainage was first practiced in the United States in 183f. 
After the Civil War the invention of the dredge, to dig ditches, 
made for a rapid stride in land drainage. It is now estimated that 
about 80 million acres of our most productive land arc associated 
with drainage enterprises. 

Farmers in ICurofic and Asia have been improving their land l>y 
drainage for many centuries. With but few exceptions, the low, wet 
lands on the farm, w'hen properly drained, can lie classed with the 
most fertile and productive acres. For instance, Webster soils, which 
are common to a number of Com Belt states, when properly drained 
are rated as the number one com land. 

THE WAITR PROBLEM 

Whenever there is a drought period, whether it is for weeks or 
for years, farm drainage is often blamed for lowering the ground 
water table to exaggerated depths. Some critics even claim that 
drainage causes droughts. 

Geologists report that for the country as a whole there is no pro- 
gresave decline in the water table. Serious local water shorti^es 
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may be aggravated by pumping the water from the ground. Short*- 
ages are also aggravated by pumping water for irrigation, cooling, 
industrial needs, or municipal purposes. Ground water is removed at 
a rate greater than the sources can normally replenish' it through 
natural soil flow. 

The need for more water on farms, plus the ease with which wa- 
ter now can be pumped, has increased its per capita consumption. 
This consumption has been increased about four times in the past 
thirty years. Many farm wells located in low-yielding water strata 
are said to be going dry. Actually, the well cannot yield the water 
fast enough to meet the increased demand. We must remember that 
shallow wells are often affected by prolonged wet and dry periods. 

THEORY OF FARM DRAINAGE 

The purpose of drainage is to remove excess water from the root 
zone as quickly as possible. This results in increa.sed yields and im- 
proved quality of the cro))s. 

It has been found that, for cultivated crops, the water table should 
be at least <»nc ftuit below the surface. For grass crops, it may be a 
little shallower. 

There arc three kinds of soil water: 

I. Hygroscopic: water held so tightly as a thin film around soil 
particles that the plants cannot extract it. 

1, Capillary: water loosely held around soil particles by capillary 
attraction. I'his film supplies needed water and nutrients for 
plant growih. 

3. Gravitational: cxce.ss or free water. Free w^ater is removed un- 
der the force of gravity. Free w^atcr fills the openings between 
the soil particles not occupied by the twro other kinds of soil 
water. On poorly drained soils the removal of gravitational 
water is so slow that water becomes hannful to plant roots. 
Gravitational water collects like free water in an open hole. 

Agriculturally speaking, the ground water table is the distance 
from the surface of the ground to the water surface in an open hole. 
The ground water table ranges from the ground level to a depth of 
about ten feet. This water near the ground surface has little relation 
to deep ground water levels. It Ls referred to as the “perched” wearer 
table. The perched water table is usually separated from the deeper 
layers of water by impervious or slowly pervious subsoils. 

Artificial drainage removes only free or surplus water. Drainage 
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does not disturb or reduce useful capillary water, which is essential 
to plant growth. Free water, on the other hand, only removes and 
excludes air, which is so essential to root development. A mineral 
soil suited to agriculture cannot be overdrained because of this. Dur- 
ing a drought, a rile -drained soil may actually produce better crops 
than a similar soil not so drained. Tile and open ditch drains 
promptly remove excess water. This enables crops to develop 
healthy and vigorous root systems. On poorly drained soil the de- 
velopment of roots may be restricted by surplus water during wet 
periods. 

A completely saturated hnc-tcxtiircd soil may contain the equiva- 
lent of six inches of water per foot depth of soil. In some cases not 
more than one inch of this is gravitational water- water that can be 
removed by drainage. 'Fluis, one inch of rain may cause a perched 
water table to rise about one foot. This is particularly true when 
uatcr falls on a heavy soil carrying moisture up to the capillary 
capacity. 

Ihe lateral or sidewise movement of water through the soil is 
relatively slow. Because of this, the beneficial range of tile lines or 
open ditches seldom exceeds ^0 to 100 feet on either side of the 


Fifi;urf 21-2. Open dttch drains ate med to dravi ojf surlace water 
rapidly. Thb open ditch dram m iMmsiana h nvell sodded to prevent 
eiosion. (Soil Gaiscrvation Service Photo) 
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drain Capillary water movement tends to be terticil but is usually 
slow For this reason, capdlary w ater cannot supply plants with any 
considerable amount of moisture from the free w ater table Crops are 
tlmost entirel\ dependent on the cipillary water of the root /one 
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Gro j id woler levtl n ory weother 


Ft^n 21 1 lUn>. spaciufr of tiU drans affiiH poioid 'uatii hul and 
nop datitifr (Soil ( onsciMtion Service Photo) 


DR4IN\GC AM) GROl ND W4IER IlViLS 

Ihe Minncsoti \griculiiinl I xjitnmtnt Snnon audicd ground 
water elevations relative to fiim drainage for more thin thirty 
yeirs 1 hesc investigations show tint perched ground water tables 
tin be lowered on drained ire is at the rate of ibout one ftMrt in 24 
hours It retjuircs some three to four diys to lower the water tible 
to the tile depths On the other hand, on undraintd areas, free w ater 
in soil recedes at a iiiuth slow er rate 
In this ease, a rainless period of several weeks may be required to 
cause a water table drop equal to that on the dr lined area Fhca- 
after, if no precipitation falls, the ground w ater table recedes below 
tile level at the same rate on drained and undrained land This rate 
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of drop below the tile depth may range from one to several inches 
per week during drought period At these deeper soil depths the 
loss of water by evaporation and transpiration is slow. During the 
spring months precipitation is generally sufficient to bring the 
perched water table on poorly drained lands back near the ground 
surface. There is no indication that farm drainage materially alters 
runufF. Neither docs it affect the .storage capacity of the better agri- 
cultural soils; nor does it have significant effect on the deep ground 
water. 


DRAINAGE IMPORTANT TO PROPER 
SOIL .MANAGEMENT 

Besides improving the soil moisture conditions in the root zone, 
farm drainage is important to good soil management. The resulting 
increased yields from Bat, wxt arca.s, may be sufficient to meet farm 
needs. I'hen some of the sloping land can be planted to appropriate 
.soil protecting cnjps. The high yield frfwn one acre of flat land, 
when properly drained, may equal that from several acres of slop- 
ing land. This may make it ))os.sible tr» return much of the sl(i)Mng 
land to grass and trees. 

In many sections of the country nearly every fann has a drainage 
problem. S<iil (Conservation Scrvicc,studics indicate that a high per- 
centage of the farms in the humid area have drainage problems. The 
most productive lands are flat. Flat lands are most apt to be wet. If 
they arc drained, crop yields rise and total farm production in- 
creases. In many cases, drainage is neces.sary before a sound crop 
and soil management program can be adopted. There can be little 
soil improvement of nndrained, wet lands. 

RUNOFF STUDIES 

Rain and snow are disposed of by surface runoff, subsurface run- 
off, evaporation, transpiration, and deep seepage. If agricultural 
drainage appreciably decreased, deep seepage runoff from drained 
areas would be greater than liefore drainage. 

A study made by the University of Minnesota indicated that 
drainage did not affect deep seepage appreciably. The study in- 
cluded 10 million acres in the Des Moines River watershed and 2 
million acres in the Iowa River watershed. The drainage operations 
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on these watersheds included the installation of tile drains and open 
ditches and some straightening of stream channels. 

One-third of the total area of both watersheds was drained. In the 
Dcs Moines watershed there was one unit of 4 million acre^ that 
received 67 percent of complete drainage. Another unit of 2,700,000 
acres was completely drained. The monthly precipitation ftir this 
study ranged from 0.88 to 9.96 inches. 

It was concluded that during flood periods there was no impor- 
tant change in the behavior of these two streams due to drainage 
The total runoflF from storms of like precipitation, the maximum 
rates of discharge, and the rainw atcr storage conditions within the 
basins M’ere not altered by excessive drainage. 

This research deflnitely indicates that the drainage of a large area 
of farmland docs nor seriously aflPcct (he water storage rate of the 
area. There arc a few exceptions, like Isolated swamp, ponds, or 
small lakes. These are so perched on oi near porous soils that they 
may greatly affect the surrounding ground water. Likewise, drain- 
agcwa)'s installed near open IkkIics of Nt’ater can lower the level of 
the water if the surrounding soil is porous. 

Not -ill wet Lind should be drained since this process is expensive. 
'Phe benefits must be carefully weighed against the cost. If there is 
any tjuestion about the productiiity of the soil, the best procedure 
for testing the soil should be followed. It is wist to get the best in- 
formation available to evaluate the problem. 

DRAINAGE OF IRKIGAIED LANDS 

irrigation and drainage are laseparablc. Lands long irrigated 
mit.st also be drained cither naturall; or artificially. In irrigation 
practice, it is impractical to apply just the proper quantit) of irriga- 
tion w'atcr w’lthout getting .some excess. 

In fact, some excess is often necessary. The excess in these ca.ses 
insures the continued productivity of irrigated land. This flushes 
the root zone and leaches soluble salts. Thus, in irrigated lands 
drainage may be di fined .^s “the removal of cxcc.ss water and soluble 
salts from soil.” If an area is to remain productive, it is necessary 
that the quantity of salts removed by drainage should equal or ex- 
ceed the quantity brought into the arc.i in irrigation w'ater. 

Waterlogging an J the attendant effects of salinity and alkalinity 
are injurious. They constitute the greatest threat to the continued 
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producrivity and pros|)crirv of an irrigated region. The solution of 
drainage problems is most important if irrigation agriculture is to 
be perpetual. 

Extensive areas of some of the ntost fertile soils in the West have 
been abandoned because of inadec^uate drainage. There are 2 1 mil- 
lion irrigated acres in the 17 Western States. Their productive ca- 
pacity may have been reduced as much as 20 per cent by waterlog- 
ging and attendant factors. The loss in crop production from these 
causes was cstiinated to exceed $100,000,000 annually. 

DRAINAGE IMPROVE.S YIELn.S 

The yield of both sugar cane and sugar was increased sulistantially 
in Louisiana by drainage. On 105.6 acres of experimental land, the 
yields of both cane and sugar were increased. The cane yield was in- 
creased 5.84 tons per acre. I'lie yield of sugar was increased 1,267 
pounds per acre. 

ITte most respomive te.st area of 47.2 acres averaged 52.49 tons 
of plant cane jKrr acre and 18.74 tons of first-year stubble cane. 
I'his was an average yield of 45.61 tons |ier acre for the two crops. 
The remaining 1,231 acres of the te.st plantation averaged 25.42rfons 
jicr acre over the .same two-year period. 

ITic drainage operation consisted of grading the cuts- areas be- 
tween open drainage ditches. I'lie c^rth along the lateral ditclics was 
graded tow'ard the center of the cut. Earth from the center of the 
cut was sloped ttiward the lateral ditches. 'I'he cut was crowned like 
a highway. Drainage within the cut consisted mainly of the depres- 
sions made between the rows by the tracnir wheels. 

Maximum yields were obtained with 1 3 inches of crown per 1 00 
feet. The precision of grading cau.scd a dcfiiiite bearing on yield. 
Elimination of pockets two inches deep «)r over increased the yield 
of plant cane 7 and first-stubble cane 3.5 tons per acre. 

By doubling the width of cuts to accommodate 26 rows of cane 
instead of 1 3 and grading this wider cut, the yield of cane was in- 
creased 7.01 tons per acre. The area occupied by the eliminated 
ditches was returned to cultivatitm. The increased yield was w’orth 
$49.00 per acre. The grading cost was only $25.00. 

.A summary of 67 farms in four counties on the Eastern Shore of 
Maryland showed that drainage increased crop yields greatly. The 
average com yield on 17 famis in Caroline County increased from 
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19.6 bushels per acre to 42.9 bushels after draining. On 23 farms in 
Queen Annes County the increase was from 1 1 to 33.9 bushels, and 
on 24 farms in Somerset County the com yield was raised from 30 
to ^0.4 bushels per acre. The effect of drainage on the yield of com, 
wheat, and hay is shown in Table 31. 

TABI K n 

I'fi-kc'i ok Drain %<:l on Crop Viti.D 


Carolhte Queen Annes Smnerset 
Crop County County County 

(bushels) (bushels) (bushels) 

Q)rn: 

Before drainage 19,6 11.0 ^0.0 

After diainage 42.9 18.9 50.0 

U’lu’at 

Keftire drainage 10.9 8.1 11.0 

After drainage 21.0 20.8 21.0 

Hay.* 

Before drainage 0 14 0.42 1.5 

After drainage 1.80 1.16 1.2 


* ^'ields cv|)rc.ssed in toas per acre. 

I1ie average wheat yield more than doubled on all faniis included 
in the survey. It increased from 11.2 to 22.7 bushels per acre. 'Hie 
average hay yield on 64 fanns increased from 0.84 to 2.25 tons [>cr 
acre as a result of drainage. 

Yields on three additional famis in Kent Cimnry, where 315 acres 
were drained, were improved substantially. Corn increased from 
24.3 to 46.1 bushels per acre. W'liesit increased from 14.3 to 24.9 
bushels and hay from 0.87 to 1 .5 1 tons. 

Substantial increases in crop yields rc.sulting from drainage have 
been reported in other states. In every case, the returns from in- 
creased crop yields the first year after drainage more than paid for 
installing the drainage system. 

PERMUABILITY AND DRAINAGE 

Soil permeability is the capacity of the soil to transmit water and 
air. It is measured in terms of percolation. Percolation is the rate of 
flow of water through a unit cross-section of soil in unit rime. Per- 
meability may be judged by examining the visible soil characteristics. 

A knowledge of the rate of movement of water through each 
different soil horizon is important. The amount of water a soil can 
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transmit during a single ram or succession of rains is governed by the 
permeability of the soil. Permeability in this case includes the in- 
filtration rate: that is, how fast the water gets into the soil. Runoff 
is regulated by the rate at which water enters surface soil and perco- 
lates to lower depths. In other words, soils that take and trananit 



Figure 23-4. Tilet are toed to dram soil tehete open ditches are objec- 
tionable. A tile drainage system is being installed on this lovsa farm. 
(Soil Conservation Service Photo) 


water slow ly produce high runoff during hard or prolonged rains, 
llius, pemicabihry and infiltration data arc valuable in planning a 
drainage program. 

Knowledge of soil penneability is necessary to the sound planning 
of drainage measures. For example, a tile system may not be piacti- 
cal on slowly' permeable soils. ()pen ditches may be needed to han- 
dle the excess surface water on these sods. Where percolation rates 
range from moderately slow to moderate, a tile system will function 
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properly. The thickness of each hori/on and its percolation rate 
must be considered in determining the si/c, depth, and spacing of 
tile 

Soil texture is generally considered the most significant factor in 
e\ aluatmg permeability Other factors are considered, but they are 
of minor importance. 

A system has been de\elo(Kd for classifving soil permeability 
from a nations^ide standpoint It consists of the seven permeability 
classes show n in Table 12 


ability Clati 

\ irv 
Slow 

ModcriTtl> slow 
Moikritc 
Model \tcl\ rapid 
Rapid 
\ ay npid 


1 \BI I 

PlKMi \HII IIS ( I ASSlMt \llON Ol Soil 

ri olatwn Ran tn Inches 
pt r Hour I IvroHtih Saruraud, 
f liJnturht I ( on s L nier 
}\ rnuahthty huh t ' Ivi h Hi aJ of U anr 

I lissthinUU^ 

> 00? to 0 2 

I O’toOK 

4 OHtci**? 

1 2 ? lo ? 0 

f* ?0tol00 

Mou thin 10 0 


(> H M van Havel of the Iowa State ( olkge described a method 
vlcv eloped to dctcnnmc tlie |Kmieability of the soil The method 
can lie used bv almost anyone It is a guide to tell whether or nor a 
soil can be drained and, if so, how well it will drnn 1 he method is 
simple and lequircs little equipment 

Watei table near surlace. Ihi' method rccogni/cs that areas in 
need of drainage have water tables one foe»t or less from the surface 
during wet seasons ”Tlic etjiiipnitnr recdtil is a [xist hole digger 
eight inches in diameter, a four fcKit rule divided into feet, a watch, 
a pitcher pump w ith a hose, and some small sharply (Xiinred sticks 
about two inches long 

A four f*K)t hole is dug w ith the digger \\ atrr immediately 
starts filling the hole and evcntuallj ris's is high as the water table 
in the soil IJsually, this filling takes less than a day 

W'hen the water in the hole leaehes its maximum height, it must 
be within one foot of the surface Then the jienneability of the soil 
can be measured Start earls m the day Place a small stick in the side 
of the hole exactly one foot liclovv the surface <rf the water Use a 
rule to locate this stick or marker accurately. After placing the 
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marker, empty the hole as rapidly as possible. Use a hand pomp if 
available. If no pump is available, a scoop made of a tin can on a 
stick can be used. But this is not an ideal substitute because it is slow 
and it is hard to get the last of the water out this way. 

Now observe the length of time necessary for water to rise to the 
marker placed in the side of the hole one foot below the original 
water surface. The permeability of the soil can then be read from 
Table 33. 


TABI.F. n 
Soil Permeability 

Mlasurkii hv iiil I.kn'CiTii oi> TiMk RbQuiRED io Fiixthe Auger Hole 
LP lo Ont. Fexir Bliow the Water Table 


Time 

(lumrs^ 

1 

1.5 . 
2 . 

2.5 . 
I 

?.5 . 

4 . 

4.5 . 

5 . 

5.5 . 

6 . 

6.5 . 

7 . 

7.5 . 
K 


Soil Permeability 

(fevt per day) 
\M 

1.41 Rapid 
0.R2 

0.66 

0.55 Moderate 
0.47 

0.41 

0.37 

O.H Sic»w 
0.30 

0.27 

0.25 

0.23 Vervslow 
0.22 
0.21 


Suppose two Helds arc c.\aniined. One is drained with riles four 
feet deep and 1 00 feet apart. The other is undrained. If the soil per- 
meability is about the same on both Helds, say 0.6 foot per day, a 
four-f(M)t depth and 1 00 f(M>r spacing will be satisfactory' on the un- 
drained Held too. T'his method therefore provides a sound ba.sis for 
the comparison of soils. 

Sample several locations. Soil i)ermcability, like any soil prop- 
erty, is variable from place to place. .Mca.surcmenrs should be made 
at several representative locations in a Held to get the average pic- 
ture. TTte measurements should be made on the same kind of soil. If 
available, a soil map will help. One measurement for every acre or 
two should l»e enough to obtain a satisfactory' estimate. However, 
the more test holes dug, the more reliable the penneability estimate. 

Where a drainage system is not available for checking, the infor- 
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mation can still be obtained by dividing the soil into groups on the 
basis of permeability. The four classes are (1) rapid, (2) moderate, 
(3) slow, and (4) very slow. Rapidly draining soils have permeabil- 
ities of more than 0.70 foot per day. Laterals four feet deep can be 
spaced far apart, possibly 1 20 feet or nmre on such soils. 

If the soil permeability is between 0.70 and 0.4? f(K)t per day, the 
soil drains moderately. Laterals should be spaced between 80 and 
120 feet, depending on the situation. 

Slowly draining soils have permeabilities between 0.45 and 0.29 
foot per day. Laterals on these soils may need to be placed as close 
as 50 feet. 

Soils with permeabilities less than 0,29 foot per day drain very 
slowly. These soils, in all probability', cannot be drained economi- 
cally. 

The depth of the tile should also be considered in relation to the 
presence of hardpan and gravelly layers. Slope and outlet po.ssihili- 
ries are also important, Ixit S|)acing of the laterals is a major factor 
in drainage costs. 


Km ri isr 

1. Follow the instructions outlined in the section in this chapter 
headed Water Table near Surface. Derciminc the permeability of the 
soil on a poorly drained area. 


Qlisiions 

1. \\'hatdo uc mean by drainage' 

2. Name and describe the three kinds of water in soil. W'hich kind 
does a plant use? 

3. How docs drainage .iftecr the amount of water available fir plants? 

4. W'hat are the chief lienehcial effects of drainage? 

5. How' does drainage affect atailabic water supply during droughts? 

6. U'hat do we mean b\ the water table' Descrilie a simple method of 
determining the water table of a particular area. 

7. Why is drainage impKirtant to proper soil management' 

8. Why is drainage so necessary on irngaud lands' 

9. How does drainage improve crop yields? 

10. What is soil permeability' I low dtics it affect drainage? Wliat de- 
termines permeability? 
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Wk have known for a long time that an intimate relationship exists 
between land and water. \Ve have als<> known that the method of 
managing land affects ruiutff and stream flow. Kven ancient (ireece 
recognized this relationship and attempted to measure it. 

^^'ith the passage of rime our interest in the effect of land usj}: on 
water has increased. This is shown by our growing interest in floods, 
water storage, and their ;issociatcd ditficulties. Our i)f thih interest 
the principles of [)resent land consep ation have come. 

\iorc recently, this interest gave birth to the idea of watershed 
nianagcmcnt. 'Fhc main purj>o.se of watershed management is to ap- 
ply these principles tci ilrainagc basins. Most people realize that this 
is needed. But few understand the relationship among plants, soil, 
and water that controls runoff and stream fltm . 

Ffforts to control floods in this country began with the earliest 
French settlement. It started on flood plains of the Mississippi. The 
first levee was constructed at New Orleans in 1717. In the begin- 
ning each landowner along the river built his ow n levee. Later on, 
the construction of levees became a public responsibility. People 
living several miles back from the river were required to wt>rk on 
levees and local governments supervised the work. 

I lowcver, the government of the United States was slow to be- 
come interested in flood problems. I'he first interest was shown about 
1824 when the Army Fngineers w'cre authorized to begin work on 
navigation improvement. About twenty-five years later Congress 
authorized a survey of the Mississippi River xvith the aim of flood 
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protection in view. During the twenty-year period, beginning with 
1879, Congress appropriated funds to construct levees along the 
Mississippi River. TTiis federal work was done in cooperation with 
the parish levee boards, u’hich were organized under state law. 

Congress established the California Debris Commission in 1893. 
This was the first time the federal government showed interest in 
flood control outside the Mississippi Valley. The commission con- 
sisted of officers of the Corps of l•^gineers. It was to prepare plans 
for the control of mining refuse, which was closing the channels 
of the Sacramento and San Joaquin Rivers in California. Twenty 
years later this work led to the development and installation of flood 
control plans for these rivers. 

In 1908 C«mgress established the Board of Kngincers for Rivers 
and Marbors. The purpose of this bo.wd u <is to improve navigation, 
but it soon became interested in related fliMtd problems. Later Con- 
gress showed interest in controlling runoff and erosion. This interest 
was stated in the Weeks Forest Purchase .\ct in 1911. This act au- 
thorized the Secretary of ,\gnculturc to take certain measures 
toward “regulating the flow nf navig.ible .streams.” 

The first FUmhI C(»nrrol .Act was |>assed in 1917, authorizing work 
on the Mississippi and Sacramento Rivers. It also stated that federal 
laws relating to rivers and harbors should also apply to flood control. 
This act was the first action t>f (Congress indicating need for a 
broader consideration of ri\ er basin problems. 

'I’hc Rivers and Harbors Act of 1920 required that Inirh local and 
general benefits be determine*' laical cooperation w’as suggested be- 
cause of the local benefit. 

Large-scale federal flood control j.'tiv'ity began in 1928 in the 
Uiwer Mississippi Valley. The FIikmI (a)ntn»l Act of 1936 provided 
for federal participation in flood control on a nationwide ba.sis. In 
1954 Congress recognized the imponance of upstream watershed 
protection as a part of our water program. 

We realize that a close relarioaship exists between land and water. 
But we hav'e not combined <iur planning for their develo|nncnt, con- 
servation, and use. At present we ate using two planning methods. 
One is for treating individual farm and ranch units. The other is the 
multiple-purpose development by river basins. The farm plan does 
not cover anything »If the farm. The river basin plan docs not con- 
sider the effect in changed land use on runoff and silt production. 
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There is an important missing link between these two planning ideas. 

A great deal is known al)out the relationship of land and water. 
W'e know that the proper use of watershed lands improves condi- 
tions by reducing l-unoff and sediment production. At the same time, 
it improves ground water supply. By the same token, conservation 
work on individual farms and ranches benefits those properties. But 
these works arc usually installed with little regard to w'hat happens 
elsewhere. 

'rhe missing link can be closed. It can be closed w'ith a w'atershed 
|>rotccrion program. In this program, work on one farm is related to 
that on tlie next. W'ith enough attention, the needs of everyone can 
be met. This includes the farmer, his community, and the people liv- 
ing downstream. 


THE WATERSHED PLAN 

Sound plans arc necessary for successful action. 'Fhc first step in a 
watershed |)rotection program is the preparation of a |>lan. This plan 
should show the kinds, quantities, costs, and locations of ail needed 
soil and water measures. 

WATERSHED PROTECITION MEASURES 

Measures aiding waicrslied protection can best be classified by 
purpose. In terms of purpose there are, first, the land use and treat- 
ment measures. I'hese are cfTectix c in increasing the infiltration and 
warcrholding capacity of soil, nicy also reduce s<>il erosion. 'Fhey 
include such measures as contouring, terracing, stripcropping, 
grassed waterways, rotations, p;isturc and woodland improvement. 
I'his class also includes w’atcrshed stabilization measures. Gully con- 
trol is an example of this type of measure. 

'Fhis group of measures benefit the farm; that is, they produce on- 
site benefits. The benefits occur on the fields and farms W’herc the 
measures arc installed. They also reduce danger d«)wmstream, but 
their main benefit is to the farm. 

The second chiss of measures contreds waterflow': that is, the man- 
agement of w’ater after it leaves the fields. They arc flood control 
measures and their main benefit occurs off-sitc or downstream. 
Benefits from these measures do not occur on the farm or at the 
place where they arc installed. They are public in nature and are 
knowm as off-site benefits. 




Figure 24-J. hloodv.aier-rctaidm% strui^tures and other nhote^ -manage- 
ment measures planned for the Deep Cteek ate t shed y a tributary of 
the Colorado Kivei of Texas (Soil Conservation Service Photo) 
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FUNDAMENTAL NATURAL PROCESSES 

Knowledge of natural processes governing the behavior of soil, 
plants, and water is necessary for successful watershed management. 
We need to know how plants, soil, and water affect each other. We 
need to know what happens when w'e upset the relationships existing 
between them, flow docs cultivating a field affect it? What happens 
when we return cultivated land to trees or grass? These are only 
some of the things we need to know. There are lots of others. 

U'e need to know how these things operate. If we do not, we may 
find we are doing more harm than g<K>d, as when we use terraces to 
stop raindrop splash, for instance. We need to know how the pro- 
gram we install affects the amount of water that gets off the farm. 
We need to know many other things too. 

purpo.se of watershed management 

The purpose of watershed management is to treat land and water 
problems together. They arc interrelated: that Is, one is dependent 
on the other. Likewise, one is affected by the other. What affects 
one affects the other. Wc need to know how what w'e do to on^af- 
fects the other. 

A watershed is a natural unit. It shows the interrelations of soil, 
geology (how' soil w'as formed), w'atcr, and plants. It docs this by 
producing a common product: runoff or stream flow'. It shows how 
changes in cither one or all of these affect stream flow'. 

Stream flow is an accepted w'ay of judging w'atcrshed conditions. 
It also show's the effectiveness of watershed management. (Changes in 
watershed management affect streamflow. As management improves, 
stream flow goes down. If management is less effective, stream flow 
goes up. 

The soundness of planning and developing river basin units is now 
generally accepted. This is a sound approach because w’atcr flow is a 
product of the land. 

LAND U.SE AND STREAM FLOW 

The amount and rate of stream flow cxprc.s.scs the natural and 
agricultural characteristics and conditions of the w'atershed. Water- 
sheds protected by plant cover have lower runoff rates than similar 
areas in cultivation. This is because more water is absorbed by pro- 




Woodlot Cultivated field 


Figure 24^2. Land managefncnt determines how excess rainwater is 
removed fiom a watershed. Excess water may appear %n the form of 
either surface runoff y subsurface floWy or base flow {from underground 
reservoirs which are the source of water for stream flow during ram^^ 
less pa tods). Width of arrows shows the relative amounts of each 
kind (Forest Service Photo) 


rected soil than by unprotected. There Ls less to fill the streams. 
Streams do not get so high and as a lesiilt, they cause less damage. It 
takes runoff water from w'ooded watersheds longer to get to the 
channels. And since it is clear when it gets there, it creates no silt 
problems and less flood damage. Runoff water from cultivated fields 
does just the opposite. 

Characteristics of the soil determine its infiltration, percolation, 
and storage capacity. When infiltration and percolation rates and 
soil storage capacity are high, surface runoff from a given storm will 
be low. This is because most of the v, arer is absorbed by the soil. 
With low infiltration rates and little storage, surface runoff will be 
high. Little of the water is absorbed by the soil. 

WHITE HOLLOW WATERSHED 

The White Hollow Watershed in eastern Tennessee has shown 
how good watershed management can eliminate danger from flood. 
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This area had been in cultivation. But as the plant cover improved, 
surface runoff declined and erosion was almost eliminated. 

Thp White Hollow Watershed is 1 ,7 1 7 acres in area. It was prop- 
erly managed for fifteen years. At the beginning of the study bare 
areas were seeded to grass. Grazing and fires were controlled the full 
time and trees and grass were allowed to grow. 

The increa.sed plant growth reduced runoff as much as 92 per cent 
during hard rains. I'he rime required for runoff water to get to the 
stream channel was increased 5()0 per cent. The greatest change oc- 
curred in the watershed immediately after cultivation stopped. Tliis 
was the rime plant cover was established in the cultivated and over- 
grazed areas. The change was due largely to the increase in plant 
cover that followed after grazing and cultivation had been stopped. 

The plant cover improved to such an extent that erosion was 
practically eliminated. W'hite Creek now maintains a flow of clear 
water suitable for rearing trout. 

RETENTION STORAGE AND STREAM FLOW 

'I'hc effects of the treatment of vegetation on storage show up in 
the amount of .stream flow. The proper management of plant cover 
increa.ses infiltration, the amount of water stored, the depth to which 
water can be stored, and the water-holding capacity of the soil. It 
increases infiltration by keeping thc^>il louse and open at the sur- 
face. It increa.scs water-holding capacity by increasing soil depth. It 
also incre;iscs the anutunt of w arer a given depth of soil will hold. 

W'atcrshcd treatment also affects the available storage space at any 
given time. On bare soil available storage .space Ls created by evajio- 
ration losses. 'I'he available storage space of bare soil often cannot be 
utilized. This is l>ecause the soil crusts. Little rainwater gets into the 
soil to be stored. On the other hand, evaporation is reduced where 
vegetation is present. But the total loss by transpiration plus evapora- 
tion is commonly greater than the loss by evaporation alone from a 
bare area. 'Thus, the pos.sibiIity of retention storage Is greater under 
vegetation. It is also created more rapidly than in bare areas. 

NEED FOR WATER INCREASING 

Today this nation is water conscious as it has never been before. 
More and more our water supply is being brought to our attention. 
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ater s the limiting factor in the development of cities, industry, 
and agriculture. W ater is the key to sound resource management as 
well as to our future progress. The amount of vi'atcr we have de- 
pends orl the way we handle, conserve, utilize, and control it. 

And yet this water we need is the same that comes roaring down 
our creeks and rivers, spreading hardship and destruction as it goes. 
There is only a slight difference l»etween the pure, clear water flow- 
ing from our springs and M'ells and the yellow torrent flowing over 
our crops. The main difference is that the clear v\ ater stayed for a 
time where it fell— the other didn’t. 

The way to get enough good w ater and at the same time reduce 
our floods is to get rainwater and melting snow into the ground. The 
ground is the greatest and most wonderful rcscr\ oir of all. "Htcrc is 
more natural water .storage capacity in the canh than in all the inan- 
madc structures and rc.scrvoirs w c can ever build on top of it. 

F.very drop of water retained in the area on which it falls is one 
drop subtracted from possible l1(H)d and one added to our useful 
w ater supply. 


WATERSHED ELEMENTS 

A watershed is made up of a nuinbcr of individual communities, 
b'ach community has pbyMcal, economic, and social ingredients. A 
watershed is the land from w hich water flows into a stream, lake, or 
other point of drainage. But the geography is only one element of 
any watershed. 

Other important svatcrshci.’ elements include timber or grass 
growing on the watershed and land in culti\ atimi. 'Fhey include 
land use: how the land is used for farii> ng, grazing, lumbering, rec- 
reation. and wildlife. They include the condition of the w'atcrshed’s 
land as ro erosion and soil exhaustion versus soil fertility and produc- 
tiveness. And the watershed includc.s, most importantly, people- 
people W'ith their community interc.sts. 

All of these factors have ro be taken into account. They have to 
be kept in their proper relationships for successful watershed jilan- 
ning and treatment. Plans on one farm must be related to those on 
other fanns. In turn, the effect of watershed treatment on iMith rural 
and city property and facilities must be considered. This calls for 
work ing out systematic use of water from the top of each watershed 
to the bottom. 



Discharge ( Cubic feet per second per square mile ) 
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Figure 24-3. Coivparattve effects of crop and %:oodland f aiming on 
stream flow. Streasn flow \wm cnluvatcd aicas n catned matnfy hy 
surface ninoff. It occurs lU flash flqods. Stream flow from woodland 
comes from wideifpoumi flow and is moic uniform. (Forest Service 

Photo) 


CONSERVATION 

Conservation of natural resources docs not mean hoarding. It 
means use in such a way that the greatest immediate production or 
benefits will be derived w ithout exhausting the basic resources them- 
selves. A sound conservation program results in increased produc- 
tion and improvement of soils both at the same time. 


WATERSHED CONSERVATION 
IS ALL INCLUSIVE 


If we accept these definitions of “watershed” and “conservation,” 
then true “watershed conservation” becomes a rather all-inclusive 
undertaking. It means conservation, management, and use of all soil 



Ftgiirf 2#-^. Water^ 
shed management ad- 
vances ]ram mdwid- 
ual far?ns to minor 
•wateished^. A minor 
watershed meeting in 
Lancaster County ^ 
Nebraska. (Soil Con- 
ser\ation Service 
Photo) 


Figure 24-5. A man- 
her of minor water- 
shed^ aie contbmed to 
make larger water- 
shed units. (Soil 0>n 
servation Service 
Photo) 
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and water. It also includes all things that depend on them. And it in- 
cludes proper construction and maintenance of roads, highways, 
railroads, culverts, bridges, dams, and levees. 

INTERDEPENDENCE OF WATERSHED RESOURCES 

The way in which any one of these resources or developments is 
used or managed usually affects several of the others. For example, 
poor construction or maintenance of a road or highway may start 
gullying. The gullying may damage the crops and land of nearby 
farms. It fills streams with mud, which suffocates fish and contrib- 
utes to floods downstream. Poor farming may lead to erosion that 
affects the entire economic life of a community and heightens flood 
crests. Improper cutting or burning of a forest may reduce or de- 
stroy the wildlife that resided there. It may lead to siltation and 
floods on the stream below. 

A watershed conservation program must take into account each 
patch of land and the plants and animals that live on it. It must con- 
sider each rivulet, pond, or stream, each man-made structure, and 
every activity of tlie entire area. 

THE WATER.SI1ED IS A PHYSICAL UNIT 

The laws of nature govern the conservation and development of 
our land and water resources. These law's arc not limited by the 
boundaries of a valley or w'atcrshed. 

A w'atershed is a geographic area constituted by the overland 
drainage that contributes w'aters to the flow of a particular stream at 
a chosen point. It is a “water-collecting” and “watcr-liandling” unit. 
It is a topographic unit usually surrounded by other units of the 
same nature. 
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Ihi soil consLr\ .ition tiK)\ tnicnt in \.mcncjissiili)oung It is only 
about t\\ enry > tars old \ it phinomcnal progress has betn made in 
that shoit rinit Bisii lonstisation plans have been dcsclo^wd foi 
about one fifth of the nation’s farms \lou than 2,^00 soil tonserva 
non districts hue been orgmi/ed fhts blinket 76 per etnt of the 
country 's ague ulrutal land and im ludt nioic than hO per < ent of all 
fauns in the nirion 

L quallv impirtant is the pt ogress that has been made in the evolu- 
tion of the nuaning ol soil tonservation and of eonservation obiee- 
tu es 1 Ik original objeeriv e vv as to o\ ereoiue the erosioii menace to 
American land ( iradu illy , during the last rw enty ye irs the idea has 
been broadened Now the oh)ettivc is to use each aere of agricul- 
tural land foi the pufjsose for whieh ir is best suited Soil conserva- 
tion also adv ocates treating the land in accordance w ith its needs for 
protection and improvement 

A quick look at historic il crop yields in the United States is 
pertinent to the suhiect Statistieal rc< ords go back about eighty- 
five years. For the first seventy years ot that period, average pet- 
acre crop yields remained pracne.illv unchanged Since 1940, there 
has been a sharp swung upward Average per-aere yields have gone 
up about 40 per cent 

There were many scientific improvements in fanning dunng that 
first seventy years Obviously, other factors were operating to off- 
set these improvements. Unquestionably, a ma^or offsetting factor 

jaf 



Farm Output Index 1935-1939*100 



Figure 25 -/ Tumii m population, tiopland, and farm output in the 
Unttid Statu 


vs as txhausnon of the natural feinhty of our nation’s soils Tht ad- 
vantages from stitntihc iniproviiiicnts were offset bv soil destruc- 
tion 

Most of the gam in the last fifteen years has ic&ulted from recent 
iinprovtmcnrs Mcchani/ation has brought about the use of im- 
proved crop varieties like hvbnd corn, the control of crop pests, 
improved land use, and better soil and water management The 
ine'rcascd use of fertilizer and lime has played an important part. 
Increased soil productivity has been achiev td on many farms But 
these aclmvenients have nor been enough to offset soil destruction 
on other farms 

riicrc arc many farms throughout the country where erosion is 
still evacting a heavy toll C)n even more farms soil fertihty is still 
on the downgrade On oor most productive land, in the Midwest 
and (ireat Plains for example, exploitation systems have been fol- 
lowed They have been followed on many farms ever smee the 
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land was broken. Mncb of the organic matter has been lost and the 

nararal fcroUty of the soil has declined condnuouslv. It is still 
going down. 

Many of these soils, of course, are still productive. The point is 
they are not so productive as they once were. They are not so pro- 
ductive as they can be made We have available the scientific 
knowledge to manage many <»f these soils so as to build up and 
maintain their productivity. The problem is to get that knowledge 
into widespread use. 


PRACTICES WORK BEST IN COMBINATIONS 

The idea of soil conservation means applying the necessary prac- 
tices on a farm. They are applied to increase production and to 
build up soil productivity-both at the same tunc. It means making 
soils yield abundantly year in and year out for an indefinite period. 
It means rebuilding strength in the hnd. 

This IS the main point of the whole idea You can conserse soil 
without improving it, but you can't butld soil up without loih 
serving it Soil is like a living thing. Feed it nght and treat it right, 


Figure 2S’2, The importance of soil consewation is being (mphasized 
m our schools A group of Mtchtgofi uhool teacher midying con- 
servation in the field (Soil Qinservation Service Photo) 
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and it grows like any living thing-and produces more while it is 
growing. 

Tl^rc’s more to consen'acion farming than controlling erosion. 
Conservation farming involves the use of combinations 'of good 
practices we now have or which research can discover for us. Soil 
can seldom be made to produce at its full capacity by using a single 
practice. The combinations arc different in different areas— and on 
different kinds of soil. Tlie} may vary widely from farm to farm 
and from field to field. 

The point is that grK>d practices used in the right combination 
create interactions that give an added Ixxist to production. One 
g(M)d practice may be beneficial. But the advantages often pyramid 
when several g(K)d ones arc used in the right combinations. The 
reaction Ls much the same as the vigor in hybrid corn. 

This principle can be described best with an illustration of corn 
growing in the South, (kirn yields always had been low in the 
South. Until a few years back they never averaged more than 
twenty bushels per acre. For years farmers and scientists tried one 
new practice after another, but they couldn’t get yields up much. 
They tried corn hybrids. They tried using more fertilizer. They 
tried increasing the stand. They tried first one thing and thetT an- 
other, but without much success. 

In 1944 they changed their approach, lastead of testing first one 
practice, then another, and then sriH another -they tried .several of 
them all at once. They tried combinations of practices and found 
some that hit the “jackpot.” (kim yields jumped from twenty 
bushels to eighty bushels per acre. 

Since this discovery, thousands of Southern farmers have 
adopted these new combinations of practices. Consequently, av- 
erage corn yields have been doubled in some Southern States. 

OUR PRODUC'TION POSSIBIUTIES 

There is plenty of evidence that we haven’t put into use all of 
the best combinations. Several studies aimed at estimating agri- 
culture’s maximum production capacity are underway. Preliminary 
results have been reported. They indicate that, with the best com- 
binations of known practices put into use on all farms, production 
could be increased from 60 to 75 per cent. The studies indicate,* for 
instance, that average com and cotton yields in the United States 
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could be increased about 75 per cent. The potential for small grain 
and soybeans doesn’t appear to be quite that high. For hay and 
pasture it appears that we could double production through grass- 
land improvement. 

If we expect to maintain the strong national economy required 
for world leadership, we must raise production. If we expect to 
feed— and feed well— the millions of new Americans being added to 
our population, we must increase pntducrion. If wc expect to 
supply the growing demands <»f industry with products frtnn the 
land, we must increase production. W’e njust apply on our farms 
and ranches all the knowledge modern science has to offer. Wc 
must use all we now have plus all we can get through additional 
research. 

There arc two points to be made about estimates of our maximum 
possible capacity to produce. First, it is based on prc.sent knowl- 
edge. It docs not take into account new scientific knowledge to 
come from future research. Second, the (Mxssibilitics are for ideal 
conditioas. They assume the application of the best-knt>wn com- 
binations of practices for each farm for each crop. They also as- 
sume that every farmer would give top-level management to each 
acre of his land. 

Obvioasly, we will never realise this ideal. Yet it is completely 
within the realm of practicability to greatly expand our capacity to 
produce. Wc can do this by making Itettcr use of scientific knowl- 
edge now available. Hiis Is demonstrated by the differences be- 
tween what the average farmer is doing and ^vhat the Itest farmers 
are doing. The best farmers in all parts of the country are making 
their soils produce about double what the average farmers’ are 
producing. 

The job ahead Ls to narrow that gap. Wc may not be able to 
close it, but wc need to do everything possible to narrow it. The 
need to speed up the use of improved scientific knowledge is the 
bi^;est challenge facing agriculture ttnlay. H(»w well we succeed 
on that job will have a vital bearing on 'Xmcrica’s future capacity 
to produce food. 

DETERMINING BENEFITS OF SOIL CONSERVATION 

Costs and returns fiom soil conservation increase as more farmers 
adopt needed practices. A few farmers may apply more conserva- 
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non measures to conserve the soil for future generations. Most, 
however, are interested in land management from the economic 
standpoint. They prefer to adopt conservation practices only to 
the point where net income can be maximized for a certain period 
of time. In many cases, these farmers want to know how these 
changes aifcct farm organization and income before they adopt 
them. 

Gists and returas from conservation measures vary according to 
the amount applied. Ginrrolled experiments and data from actual 
^arms do not always give the desired economic information. Direct 
lienefirs from soil ainserx'ation practices are often considerably dif- 
ferent fr(Hii the indirect benefits. Ivconomic returns from the short- 
time point of view arc usually different from the benefits over a 
longer |>criod of time. (Jonclusioas regarding economic lienefirs 
arc also influenced by the methods of management. 

DIFFERENT DEGREES 
OF SOIL r.ON.SERVATION POSSIBLE 

Possible returns from additional soil conservation practices arc 
difficult to estimate. This is because conservation fanning i;^a matter 
of degree. Different levels arc possible on many farms liccause of 
the number <if practices recommended. For example, some farmers 
follow a gfHKi nitation, bur fnH to adopt the necessary mechanical 
practices. Others apply adequate anuiunts <if lime and fertilizer on 
the cropland, but continue to follow soil-exhausting practices. Dif- 
ferent levels of conservation farming exist. 'Fhey exist liccause of 
differences in the intensity of application. For example, some farm- 
ers apply larger amounts of lime and fertilizer than others. Gin- 
siderablc variation often exists in the amount of meadow crofis 
raised in the rotation. 

Since conservation fanning is a nutter of degree, economic con- 
siderations depend on the <ibjccrivcs to be accomplished. One ob- 
jective might tie to manage land resources so that erosion losses 
would be zero. Another objective iniglit be to increase the produc- 
tivity of the soil and maintain it at some previous level. In some 
cases, the goal might be to maintain soil productivity at the present 
/ere/ For some soils the goal might he exhaustion to lower levels 

might \>c appUed as long as marginal ctists did not exceed mat- 
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ginal income. Some of these goak would require larger areas for 
permanent pasture and woods than others. They might also require 
a high percentage of meadow crops on certain soil types. 

The relationship between conservation farming and net farm in- 
come is illustrated in Figure 25-1. This chart .shows how soil con- 
servation practices applied to any farm may vary from small to 
extremely large amounts (represented by O and I’’). As additional 
amounts of soil conservation arc added, net income increases up to 
a certain point (marked M) and then declines. Tiiis situation oc- 
curs because all conservation practices may be applied to the (loint 
of diminishing returns. For example, fertilizer and lime can be ap- 
plied in varying amounts until costs arc greater than profits. 
Meadow crops may be increased t<» the point where farm income 
actually declines. This is especially true on farms where .idditional 
forage is used as residue or is fed to inedlcient livestock. Contour 
strips could be made so narrow that the additional benefits won’t 
pay for the additional costs and inconveniences. Tile lines could l)c 
spaced so closely that additional amounts svould not pay fur the 
extra costs. 


Figure 25 - 3 . Rdattonship hetvccu soil covsm'ation and farm ihcomc. 
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In Figure 25-3 comparison between any two points with less 
than X units of conservation shows that additional units increase 
profits- Applications between X and Y would produce less income. 
This is because of diminishing returns from each additional unit. 
Comparisons between A and B would show certain differences in 
income from more soil conservation. Comparisons between A and 
M would show a greater difference in favor of larger amounts of 
conser\'ation. Comparisons l)etween M and C would show a slightly 
smaller income from the high rates of application. Under actual 
farm conditions, the amount of soil conservation that gives maxi- 
mum profits depends on many factors. 

DATA FROM (X)NTROLLED EXPERIMENTS 

Controlled experiments are usually conducted at an experiment 
station. Here all factors are presumably constant, except the ones 
being studied. Station experiments are usually limited to study of 
individual practices. Tliis is Iwcause of the complexity of measur- 
ing different degrees and intensity of soil conservation. Fxronomic 
benefits from a complete soil conservation program are often diffi- 
cult to determine from individual practice data. For example, re- 
turas from several practices do not always equal the sum of the 
practices taken individually. In some ca.ses they may be more; in 
others they may be less. Alost farmers arc interested in the eco- 
nomics of applying several practices in combination. Few farmers 
adopt only one soil conser\ arion practice. 

Costs and returns of individual practices are often difficult to 
determine, even under controlled experiments. For example, it is 
difficult to estimate accurately how much sod waterways increase 
crop yields and income. They contribute to the ease of operating 
machinery on slopes subject to gully erosion. Returns from con- 
tour cropping arc influenced by such factors as rotations, soil type, 
and past land management. 

Controlled experiments are usually limited to a few soil types, 
llierefore. the data are often inadequate for many of the major 
soil associations. Some soils may be depleted in productivity and 
restored to previous levels without any permanent damage. In this 
case costs of soil depletion are actually the costs of restoring the 
productivity to some previous level. In addition to these temporary 
losses, other costs must be considered when permanent damage re- 
sults from erosion. These costs vary according to soil type and 
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amount of erosion. The economics of soil conservation are affected 
also by the rate of soil erosion and fertility depletion. Some soils 
may be depleted in a shorter period of time than others. 

Individual practice data arc often inadequate. They don’t show 
the effects on general farm organization. Fences may need changing 
to establish contour strip cropping or longer rotations. Field ar- 
rangement may be improved on some farms by fencing on the 
contour. On other farms, additional lanes and watering facilirivs 
may be needed. Contour cultivation may proilucc lunger rows on 
some farms. But on others, pointed and crooked rows may interfere 
with the use of farm machinery. Data on rotations with more 
meadow crops do nor .show the additional ct>srs for buildings and 
livestock to utilize more forage. Data on terracing seldom show 
the problems involved in maintaining terrace outlets. To protect 
these outlets on hug farms, the fanner usually has to fence the out- 
let. Or he may pasture the hogs in another field. 

DATA FROM ACmiAL FARM.S 

Soil conservation data from actual farms usually cover a wider 
range of soil ty(x:s and fanning conditions than controlled experi- 
ments. Data from farms show the steps taken by farmers in adopting 
different conservation programs. Direct contacts with farmers pro- 
vide information on the difficulties of establishing additional con- 
servation. Farm records also show how certain fanners have ad- 
justed their livestock progran. 'o utilize more forage crops. 

Under actual fann conditions, data from different farms arc 
often diffiailr to compare. There arc 'dc variations in a nuinbcr of 
such factors as the size of the fann, the type of soil, the kind of 
livestock, the methods of management, and the applicatioas of lime 
and fertilizer. Some farmers may nut apply large amounts of ferti- 
lizer until grain yields decline to low levels. Therefore, high ap- 
plications of fertilizer do not always coincide uith high yields. 
Data on previous farming practices are difficult to obtain because of 
changes in farm operations and inadequate records. 

DIRECT VERSUS INDIRFCT BENEFITS 

Direct benefits fr,im soil conservation practices arc often con- 
siderably different from the indirect benefits. Returns from rota- 
tions with more meadow crops depend on w'hcther the additional 
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forage is used as residue, sold, or fed. For most soils some meadow 
crops are needed in the rotation for maximum grain production. 
Undtr certain conditions, additional meadow crops not^ only in- 
crease forage production but also the total production. This rela- 
tionship exists as long as reductions in acreage of grain are offset 
by sufficient increases in yields per acre. As long as total grain pro- 
duction increases when more meadows arc raised, additional forage 
presents no problem. In this case, hay can be utilized as residue and 
the income will still be higher than if fewer acres of hay were 
raised. This is because a reduction in acreage of meadows would 
decrease production of both grain and forage. 

The amount that grain yields must increase depends on (1) 
amount of meadow crops, (2) grain yields, and (3) proposed rota- 
tions. For example, grain yields per acre must increase one-third if 
total gram production is t<i remain the same under a rotation. Grain 
yields must incrca.se where the rotation is corn, small grain, and 
two years of meadow compared with corn, small grain, and one 
year of meadow. If corn yields average forty-fix e bushels per acre 
for the three-year rotation, sixty bushels must be obtained under 
the four-year rotation. I'his is needed to offset the reduction in 
corn acreage. In this case, an increa.se of fifteen bushels per acre 
is needed to maintain total corn production. If corn yields .seventy- 
five bushels for the three -year rotation, one hundred bushels per 
acre will be needed under the four-year rotation to maintain total 
corn production. In this case, an increase of twenty-five bushels per 
acre is needed. The same proportionate increase would be needed 
also for the small grain crops. 

As more acreage of meadows Is added to the rotation, a point is 
reached u here total grain production declines. I'his occurs wher- 
ever yields per acre fail to increase fast enough to offset reductions 
in grain acreage. W'hcn total grain production declines as a result of 
adding more hay crops, net income often declines. It declines unless 
some income is obtained from forage crops. Kconomic returns from 
meadow crops depend on w hether they are sold directly or fed to 
livestock. When fed, profits depend on the type and efficiency of 
the livestock kept, as well as on the price of livestock and its prod- 
uct?. 

Returns from rotations with more meadow crops w'ill be low' if 
large amounts of hay and pasture arc fed to inefficient livestock. 
On the other hand, additional meadow' crops may increase net farm 
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income on some farms when fed to high producing animak. Re* 
turns from feeding more forage to dairy cows is less in areas where 
the price of milk is low. It is more where the price is high. The 
higher the grain yield, the higher tl»e rerum must l)e from hay and 
pasture to offset losses in income from fewer acres of grain. For 
example, forage fed to low-producing dairy cows might return as 
much per hour of labor as forty-five bushek of com per acre. But 
considerably higher-producing dairy cows arc needed to give the 
same return per hour from forage as seventy-five bushek of coro 
per acre. 


.SIIORT-Tl!UE VERSUS LONG-TIME BENEFITS 

llic economics of soil conservatiop depend on the period of rime 
considered. In many ca.scs returns from the short-time point of 
view arc different from the benefits over a longer jicriod of time. 
Individual farmers are usually interested in soil conservation from a 
shorter period of time than society. Therefore, the most economical 
application of practices for the farmer may not be the most desir- 
aiile for .society, Kconoinic returns often \ary during the transition 
period and the time the program is in full operation. Net income in- 
creases on many famis. It increases after .sufficient time has elapised 
to recover additional ».o.sts for soil conservation and changes in 
farm organization During the transition period, net income may 
actually decline on some faniis. For example, costs of liming crop- 
land are not recovered on many famis until a meadow crop can be 
produced and marketed thn. 'gli livestock. 

Higher grain yields from conservation rotations cannot be ex- 
pected immediately. Only after bcpcr meadows arc raised, larger 
residues returned, or higher rates of fertilizer used will benefits be 
apparent. .Meanwhile, total grain production may decline. Ft may 
decline because of a reduction in the acreage of grain and because 
of the necessary adjustments made in farm organization. Several 
years may be required before the economic gains from terracing 
equal the cost of construction Fencing woods against livestock and 
planting trees have little effect on increxsing immediate farm in- 
come. Concrete structures increase cash outlays the year they are 
made. But expenditures for housing additional livestock cannot be 
recovered as qui^klv when new buildings are constructed as they 
can when present ones need only minor repairs. 
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RETURNS DEPEND ON UNITS OF MEASUREMENT 

Economic benefits of soil conservation depend on how they are 
measured. Benefits depend on whether measurements are made in 
terms of (1) income per farm, or (2) income per man hour of 
labor More meadow crops* may increase net income on many farms. 
The amount dejiends on how the additional forage is utilized. On 
some farms this increase may be accomplished with the more effi- 
cient use of labor. In such cases the farmer increases his total income 
and the return per hour fur his labor. 

Sometimes, more meadow crops in the rotation may increase 
net income per farm. However, more labor is-required to care for 
the additional livestock. Less grain and more hay increase the total 
income on these farms. Returns per man hour of labor is less, how- 
ever. In other words, total income is increased because the farmer 
works harder, but he receives less per hour for his labor. 

This situation occurs whenever forage cro(% produce less income 
per hour of labor than grain. Inelficicnt livestock and high grain 
yields arc often resjionsihle for the smaller hourly rcruras from 
meadow crops. Maximum returns per hour of labor may not be as 
important as maximum returns per farm. This is true in cases where 
there Is plenty of labor but a small acreage of land. 

RESULT.S OF CX>N.SERVATrON FARMING 
IN ILLINOIS 

A study made of more than a hundred farms in northeastern 
Illinois indicates that conservation measures are effective in main- 
taining .soils for future use and arc an im[K>rtant factor in increas- 
ing farm income. Investments to improve the land pay off in larger 
crop yields and in hay and pasture of higher quality. The same 
total amount of grain can be produced on fewer acres. Thus more 
acres can be shifted to hay and pasture. 7*he shift allows livestock- 
minded operators to have more roughage-consuming livestock. 
This in turn makes it possible to increase productivity of the soil. 

MORE EXPENSIVE BUT BRINGS GREATER RETltRNS 

On high-conservation farms an average of 48 cents more an acre 
a year was spent for lime and fertilizer during 1SH5-47 than on 
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low-conservadon farms. In addition, 21 per cent of the land on the 
h^-conservation farms was in soil-protecting legumes. Only 16 
per cent of it was in these crops on the low-conservation farms. 
Com yielded five bushels more an acre on the high-conservation 
farm. There was no difference in oat and soybean yields, however. 
More livestock and the higher com yield caused the yearly net in- 
come to average $7.39 an acre more on the high-conservation farms. 

The farms scoring highest in conservation practices followed a 
complete plan. The plan included (1) testing and treating the so'l, 
(2) using the land according to its capabilities, (3) using rotations 
with ample acreage of deep-rooted legumes, and (4) using proper 
water disposal practices. These farms also utilized forage crops 
through livestock. 

Conservation plans do not necessarily increase earnings immedi- 
ately. This is because considerable effort and money must usually 
be expended before positive results are achieved. But the long-time 
benefits of conservation are certain. Over a long-term period, ctm- 
servation farms that spent more money for soil and related improve- 
ments have more land in legumes and grasses. They have higher 
crop yields, produce more and better-quality hay and pastures, feed 
more livestock, have higher livestock production and returns, and 
receive larger farm incomes. 

In all comparisons the high -conservation farms had higher live- 
stock efficiency. It is believed that this was due to better-quality 
feed supplies. Crop and livestock production in Wiscoasin was 
larger on farms practicing soil coavervation than on farms where 
conservation was practiced Icsii. Fhis was also true with net income. 
The greater production usually is due to a combination of changes 
in land use and in crop productioit practices. It is important to 
measure the effect of soil conservation programs for a farm as a 
whole. But, it is also important to analyze benefits and costs of some 
of the parts of the program. Such analysis is helpful in making soil 
conservation plans for farms. This is because in many instances one 
soil-conserving practice may be substituted in whole or in part for 
another. 


ALEKTNE.SS ESSENTIAL 

It is the alert farmers who study their business. They apply 
sound soil, crop, and livestock management principles to their en- 
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tire enterprises. They maintain their o{)erations on a high and sound 
paying basis. 

A study of farm account records was made of 240 similar Central 
Illinofe farms. It showed that the 72 highest-earning fanqs earned 
annually an average of $3,740 a farm more than the 72 lowest-earn- 
ing farms. They averaged this over ten years. 

Tight efficiency factors accounted for about three-fourths of this 
difference. These factors and their net effects on net farm earnings 
were: crop yields, accounting for 27.5 per cent of the difference; 
livestock production efficiency, 11.4 per cent; labor cost, 10.3 per 
cent; price received for products sold, 8.5 per cent; immediate 
profitableness of the crop system, 6.3 per cent; decreased cost of 
operating machinery, 6.0 per cent; savings on crops produced and 
fed to livestock on the farm, 3.0 per cent; and building and fencing 
cost, 2.2 per cent. 

Important relationships were found among the eight efficiency 
factors having appreciable effects on net earnings. Thus, farms with 
high crop yields usually had large amounts of livestock and more 
efficient livestock production. 

The rate of earnings was slightly larger on farms having a 
medium-si/ed business than on famts with smaller or larger l^si- 
ncsscs. The mcdiiim-si7.e business farm rei]uired about 24 man 
months of labor. Farms on which many hogs were produced had 
higher rates of earnings than farms^.with few hogs. This was due 
largely to the fact that corn-hog ratios were favorable to hog pro- 
duction during the ten yrars 

Well-balanced farming led to the highc*st net farm earnings. In 
well-balanced farming, each of the factors having an appreciable 
effect on earnings was above average. ITiree farms that w’ere above 
average in all eight factors earned annually $3,760 a farm more 
than the average of all 240 faniis included in the study. Twxivc 
other farms below average in seven of the eight factors earned 
$1,485 a farm less than the average of all the farms. A farmer may 
do excellent work along one or tw'o lines and still have low' net 
farm earnings. This is because he neglects other factors. The lowxst- 
carning farm among all 240 farms w as near the top in crop yields. 

L'ENVOI 


Soil conservation has come to mean proper land use: protection 
of the land against all forms of soil exhaustion. This includes re- 
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building eroded soil, conserving moisture for crop ust, providing 
proper agricultural drainage and irrigation, building up soil ter- 
tilitv^, and increasing yields and f imi income -all at the same time 
Modcgi conservation farming involves mcrcising soil produc- 
tivity It aims to improve the stand ird ol fami living for todiy, to- 
morrow, and tor posterity It combines the objective of national 
w clfare w ith better living for the people w ho w ork the land It now 
means etHeient, abundant produttionon i sustuned bisis 
Significant progress his alrcidy been midt rhiough the eonstrv i- 
tion movement W this is no tiiiu to ie‘r on our laurels 1 he )ob 
IS too great 


figurr 25 f Thi lOiMutton iimantit u ivorldiiiJt A t’loiip oj 
fomipi liihunm studutts sttidyiiin j«</i|/«? and lommation 
(Sod ( onserv ition Scniee Photo) 
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The demands on agriculture today are greater than they ever 
have been. The need for greater producrion is immediate and will 
be continuing. It will grow progressively over the years. The popu- 
lation in the United States is growing at the rate of 2.8 million per- 
sons per year. Our average life span has reached 67 years. There 
will ^ more of us to feed, clothe, and shelter for a long time to 
come. At the present rate of population increase, the demand on 
agriculture by 1 97 f will be 25 per cent greater than now. 

We cannot look to new' land to meet the increasing demands of 
the future. Instead, we have to depend on increasing per-acte yields. 
We must l)egin today improving every acre of our grassland, tree- 
land, and cultivated land, for a prosperous future. 
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census, 342 
development, 342 
fiirn)ws, 357 
pasture, 247 
supplemental, 341 
system, 141 
waste uater, 157 
water, 5, 142, 346 

Land-capability classes, 70, 76, 81, 87, 
91,118 

classification, 70, 79, 89 
Land capability map, 319 
Land judging, 106- 109, 1 14 
goal, 114 

grasslands, 112, 113 
score card, 109 
l.incr, 14 

Mechanical measures, 126 
Mesopotamia, 4-6, 20 
Microorganisms, soil, 249 
Moisture capacity, available, 74, 75 
Muck lands, 182, 202, 201 
Mulch, 11, 47, 65, 119, 201, 205, 206, 
211,216, 100, 118 
Mulch farming, 205, 212, 210 
Mulching, 125, 225, 110 
Mulch planter, 206-208, 211, 213 

Nature’s balance, 112 
Nile River, 4-6, 15 

Olf-site benefits, 176 
Organic matter, 20, 66, 67, 75, 76, 85, 
104, 117, 127, 111, 111, 154-156, 158- 
160, 174, 181, 185, 187, 189, 203, 
205, 216, 218-220, 241, 272, 292, 
294, 298, 100, 337, 387 
content, 121 
losses, 121 

silt and clay, 20, 22, 36, 40, 41, 44, 
52, 122, 149, 157, 158 

Organic soils ({leat and muck), 54, 77 
Overfiow hazard, 79, 87 

Pasture renovation, 253 


Perched ground water, 365 
Percolation, 369, 370 
Permeability, 170-373 
Plant cover, 3, 11-15, 20, 31, 40, 55, 
64, 65, 67, 116-119, 122, 123, 125, 
164, 165, 169-171, 174, 179, 181-183, 
185, 189, 194, 200, 205, 226, 268, 
269, 271, 279, 292, 293, 326, 335 
Plant fotfd, 2C^-22, 36, 41, 52-54, 59, 207, 
225, 106 

Plant nutrients, 205, 207 
Plant residues, 65 
Puddling, 40 

Raindrop splash, 14, 15, 39, 42, 164, 165, 
167, 169, 176. 234, 271 
Range: 

condition, 268, 270, 271, 274, 277, 278, 
280-281,292 

condition class, 268, 269, 271 
inventory, 281 
lands, 2 1 

Rainfall hazard, 171, 173 
chart, 172 
(leriod, 171, 174 
Rainfall intensity, 166 
Range condition, ratings, 281 
Reservoirs, 21, 25, 44 
Root profile, 299 
Rotation- deferred grazing, 289 
Rotation grazing, 245, 284, 288, 289 
Rotation pastures, 257 
Row crops, 20? 

IVunoff, 11. 14, 22, 21, 35, 119, 291, 294 

Safe \clociry, 316 
Saline soil, 147 
Saltation, 51, 181 
Sediment, 21, 25 
Shelter belt. 111 
Site, 296 
class, 309 
c\ aluation, 109 
index, 296, 298, 302-105, 309 
preparation. 111 
t|uality, 296- 298. 100, 101, 309 
rec|uircments, 302, 1 10 
Sod crop, 125, 126 
Soil: 

aggregates, 57, 58, 60-62, 65, 66 
aggregation, 60, 61, 64, 66 
blowing, 181, 183, 184, 188, 19L 196, 
202 

building: 
forces, 1 18 
process, 67, 116, 117 
program, 216, 217 
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Soil iCont.) 

capability inventory, 86 
capability map, 85 
crops depleting, 126 
crops destroying, 118 
crumbs, 57, 61, 62, 66, 67 
drainage, 75 
dnfting, 186, 219 
fertility, 95, 96 
horizon, 296, ^04, 105 . 

cnips improsing, 126 
in\ cntor> , 84 

mapping units, 71, 76, 79, 87 
microbes, 58, 60 
micioorganisms, 160 
movement by mil, types of, 49 
|icrnicability, 71, 78 
productivity, 67 
profile, 72, 78, 111, 101 
simples, 97 
sampling, 99-101 
scries, 298 
strucnirc, 57 61, "*4 
survev, 70, 71 

tests, 94, 95, 101, 218, 219, 221, 250 
use of, 101 

ivpcs, •»■», 82, 81, 87, 99, P? PV, 182, 
IK5, 194, 2W, >(X), 101, 106, llh, 
157 

Stocking rue, 280 
Sroi igc cipuitv, 151, P> 

Straw tmilch, 14 
Sti iamb ink 
i fitting, 79 
enisnm, 20 
ovi rflow, 124 
phnting. 111 
Stream iliinncls, 21, 22 
Sti i[K Topping, 111, 175, 176, 178, 187 
188, 191, 191, 19^ 201 
Stubble mulch, 214 216 
farming, 211 214, 216, 218, 240 
lilligc, 174, 196, 199, 2rK), '»14, 216 218 
Subsurface cultnatois, 219 
Subsurface, runoff, 166 
Succession ^plants;, 115 
Surface Cl eep, 51 

Surface flovi, 12, 14, 12, 154, 161, 164, 
167, 176 
control of, 175 
Surface runoff, 1 1, 12, 14, 29 


Surface water, 34 
Suspension movement, 51 

Technical Guide, 117, 118 
Terrace, 11,29, 128 
Terraced land, 11 
spacing, 128 
Terracing, 11, 85, 175 
1 exture, soil, 21, 71, 75 
texture-depth index, 105 
1 igiis and 1 uphiarcs, 4, 15 
Tile drains, 159 

1 ojisoil. 1. 4, 6, 14, 85, P5, 156, 188 122 
Ir inspiration, 152, 166 
1 rashv fuming, 210 
I rashv -mulch method. 2^9 261 
1 rashv mulch seeding, 258, 260 

j U p* rrc ini \\ atershed, 175 

Vegetation type, 268 

Wiiir 

disposal svstim, 127 
erosion, 9, 14, 15, 14, 151, 155, l;5, 
211,215 
control, 2 <4 
I iKjiiitinunis, 144 
wipplv, ’I 
, libU, 14 166 

I W itcrslicd 

j fiiinigcincnt, >"*4, 178 P9 
I pi in iVi 

re sources, 184 
Waicrwavs, 112, 119, 14f) 

I \\ idi row spic ing, 210, 211 

Wildlife, 9\ 121 

{ boidf r, 141 
pl linings, 125 
f piiKiTients, 141 
W uifiig poiiii, 1^0 
WindbiiiUs 1 *7, 19 ,201 
pliiuings, 194, 198 
W ind 

cn»sio'’ *' 15, 22, 21, 157, 158, 175, 
IHI 182, 188, 189, 191, 192, 194, 
I<76, 1*0, 2(/l ’10,211,100 
I control, 181 HI, JK5, 192, 198, 214 
I m » i iiicnt, types of, 47. 48, 50, 52 
\iloeirv, 55 
W oodland, 5 
f aiming, 296 
Wf odlois, 111,112 



